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Determination of Maximum Tolerable Salinity Levels 
For Continuous Irrigation on Various Soils 


Along the Powder River 


I;, Objectives: 

1. To determine the maximum salinity of water pumped from the Powder River 
that can be tolerated for continuous irrigation without a decrease in crop yield. 

2. To specify maximum tolerable salinity limits for the most common soil 
type currently under irrigation, and for the soil type with the most severe 
limitations. 

3. To determine the maximum salinity that can be tolerated for a period 
of one year assuming that normal salinity levels prevailed during the previous 
year and the year following. 

4. Other water quality factors which may limit the use of water for 
continuous irrigation. 

5. To specify special management practices which can be followed to 
prevent reduction in crop yield. 

II. General Procedure. 

The contract activities call for an interpretative study on soil and 
irrigation water analyses supplied by YTAPO. 

1. Soils data. Results on chemical analysis performed by Montana Testing 
Laboratories on soil samples collected from 32 irrigated soils and 17 non-irriga- 
ted companion profiles were provided by the Water Quality Management Project 
Office. The data were converted into suitable units for evaluation of soil 
salinity and reproduced in that form with this report (milliequivalents per 
liter in soil saturation extract). Further conversion from saturation extract 
to a field capacity basis were made using relationships developed by Lonkerd 
and Donovant, 

2. Water quality averages. U.S. Geological Survey data (U.S. Geological 
Survey, 1949-1976) for Moorehead, Montana were used as the basis for calculating 
average values for different parameters such as EC, SAR, Ca, Ca:Mg, Na, K, HCO. , 
80, and Cl. Complete analyses of composited water samples of the Powder River 
taken at Moorehead were available for1951, 1952, 1953, 1956, and 1957. Complete 
or mostly complete analyses were available for samples taken at monthly 


intervals from 1970-1976 along with instantaneous discharge data. 


lionkerd, W. E. and T. J. Donovan. Unpublished data. 
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It was assumed that irrigation was applied in May, July, and September 
where three irrigations were made. For one irrigation, it was assumed that it 
was applied in May. For an average conductivity value of each month, a long- 
term average was desirable. More conductivity data were available for the 
Powder at Arvada and Clear Creek than at Moorehead. Therefore, regression 
equations were developed for making estimations of conductivity from discharge 
data along with other parameters for these branches of the Powder. Other 
parameters used for the Powder at Arvada for May (only) were ratio of Powder at 
Kaycee/Powder at Arvada and runoff of the previous season. Runoff of the 
previous season was a parameter in multiple regression equations used for Clear 
Creek in May, also. A more detailed description was given in a previous 
report relating to snow pack and water quality relations (Franklin, 1977). 

For years when no analyses were made at Moorehead, electrical conductivity was 
estimated as discharge-weighted mixtures and the resulting average of the 
Powder at Arvada and Clear Creek. These estimates were averaged with available 
data at Moorehead from 1950-1975 to give a 25-26 year average for May, July, 
and September. 

Equations were developed for ion composition of water at Moorehead by 
multiple regression of the particular ion with discharge and the ratio of 
discharge of Powder at Arvada to Clear Creek. Analyses of K and HCO, for 
samples taken at Locate were also included because these ions were very 
similar at the two different locations. A regression equation was developed 
for estimating total ion concentration from individual electrical conductivity 


Measurements. Calcium, Ca:Mg, Kk, HCO Cl, and SAR were calculated as 25 year 


averages with the complete data in best 1952, U99S7, 1956, and 1957 and with 
values estimated from discharge at Moorehead and ratio of Powder at Arvada 
to Clear Creek. 

3. Crop evapotranspiration. Potential evapotranspiration was determined 
from published weather records and solar radiation data using the Jensen-Haise 
equation (Jensen, M. E. and H. R. Haise, 1963). The equation is as follows: 

ET ps= Cp (IT - T) Rs 
where: ETp = the potential evapotranspiration for reference crop in inches/day. 
Cr = the air temperature coefficient which is constant for a given 
area and is derived from long-term mean maximum and mean minimum 
temperatures for the month of highest mean air temperature. 


li = mean daily air temperature. 
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gs = a constant for a given area is merely the linear equation 
intercept on the temperature axis in the solar radiation air 
temperature relationship. The ia is computed using the 
equation shown later. 

Rs = the daily solar radiation expressed as the equivalent depth of 


evaporation (inches/day). 


Cy * Oe 
a Zou 
where C, = 68 - 3.6£/1000 for T in F® 
or Cy = 38-9 3:6E/1000.. for T: inc” 
in which E = the elevation of the area in feet above mean sea level. 
C, = 13°F or Lame depending on the temperature scale used. 
Cy = the humidity index and can be calculated by means of the following 
expressions. 
ES a 2i.2m ug 
s2 sl 
Cy is e ne 
s2 sl 
where epee the saturation vapor pressure in millibars at the mean 


maximum air temperature during the warmest month. 


H 


C57 the saturation vapor pressure at mean minimum air temperature 
during the same month. 


us can be computed from the expression 


fe) fe) E 
ie DU GSAS sig PAs, (e55 - esp F /mb - 1000 


in which E = the elevation of the area in feet above mean sea level. 
Crop coefficients (K) were obtained from Jensen (1973) to calculate actual 
evapotranspiration from ETp values using the equation 


ET eh RTp 


4. Interpretation of profile salinity for diagnosing past and present 
irrigation management practices. An important aspect of irrigation management 


is maintaining a salt balance in the crop root zone. The application of irrigation 
water in excess of evapotranspiration is necessary to leach soluble salts below 

the plant root zone and, thus, maintain a favorable salt balance in the root zone. 
This excess application is called the leaching fraction (LF) and is defined by 


U.S. Salinity Laboratory Staff (1954) as the fractional volume of irrigation 
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water (Vee) that leaches through the root zone to become drainage water os 
er V, /V, _. The leaching fraction has also been calculated as: EC, /EC, , 
dw iw iw dw 
where EC = electrical conductivity, assuming that EC is directly proportional 
fo total ion concentration, that no dissolution or precipitation of solid 
phase salts take place and steady state (equilibrium) conditions exist. In 
ao as well as EC aw? is 
very difficult under field conditions. Also, irrigation waters containing 


practice it is found that determining both Vig and V 


bicarbonate and sulfate, along with calcium, frequently precipitate as lime 
a gypsum. When ion precipitation takes place, calculating LF from EC, /EC, 
indicates that leaching is more effective than volume measurements would 
predict. Dregne (1969) and Pratt, et.al (1972) calculated LF from chloride 
(Cl) measurements as: C1, /Cl a where Clay was taken as Cl of soil solution 
at field capacity (FC). Soil-water Cl concentation was calculated as: 
fle. x SP/FC, where se = saturated paste (SP) extract. Chloride in the 
saturated extract can be measured conveniently and Cl absorption by most crops 
is negligible compared with the total concentration in water. Dregne (1969) 
and Pratt, et. al (1972) found that LF calculated by Cl determinations in water 
and soil related very well to volume measurements. 

| Crops absorb water during the irrigation cycle and leave most of the salt 
carried by the water in concentrated amounts in the remaining soil solution. 
When another irrigation is applied, the salts in the soil solution move down- 
ward concentrated mainly in the wetting front to the bottom of the root zone. 
As long as downward movement of irrigation water exceeds upward movement by 
capillarity, a normal salt distribution is attained in the root zone with a 
greater salt concentration at the bottom of the root zone than at the soil 
surface. When a large LF is applied, little concentration occurs at the 
hot tom and below the root zone but when a small LF is applied, a concentration 
equal to the inverse of the LF is gradually attained and is then considered to 
be at steady state. 

In analyzing soil samples taken from irrigated fields near Broadus, 
several different types of salinity profiles were found with enough basic 
iitferences to warrant a more complete explanation or interpretation of these 
differences. Types of salinity (EC) and Cl profiles usually found in irrigated 


goils, including those found near Broadus, are labeled as Type 1 to Type 4 in 


Figure l. 
ti 
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Figure Pe eilivetration of types’ of salt and Cl profiles found in irrigated areas. 
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Type 1 indicates a normal equilibrium distribution of salinity under well- 
drained (no water table) conditions. Salinity and Cl are low at the soil surface 
and increase to a maximum at the bottom of the root zone with little change until 
reaching the capillary fringe of a water table. With shallow-rooted crops such 
as grass, the increase occurs at a more shallow depth than with deep-rooted 
crops such as alfalfa. 

Type 2 profiles have a maximum accumulation of chlorides within the 
rooting zone and return to lower concentrations in the deeper substrata. This 
type indicates that a relatively small leaching fraction is being applied and 
that the equilibrium state of Type 1 has not been reached. In addition, Type 
2 profiles can result under the influence of a seasonal, ground water table moving 
the salts in upward direction and a small leaching fraction which moves salts 
from the surface down into the accumulation zone. Type 2 profiles possibly 
could be developed from an initially non-saline soil if an inadequate leaching 
fraction was applied accompanied by partial leaching due to rainfall sometime 
during the year. The depth at which the bulge of salt accumulation occurs 
helow the surface depends on the amounts of irrigation water applied. Under 
extreme conditions the bulge may appear just below the surface layer. 
| Type 3 represents an inverted profile with salt and Cl content higher at 
the surface than at greater depths. This type is a result of a high water 
table where, if irrigated, a salt balance cannot be maintained because upward 
capillary water movement is greater than the downward gravitational force of 
applied water. 

j Type 4, with several small bulges, is characteristic of profiles with 
textural discontinuties, i.e., alternate layers of fine and sandy materials 

in the subsoil. Higher concentrations of salt are usually, but not always, 
found in finer-textured material immediately above and below sandy layers. 

This is thought to be mainly due to impeded water movement from coarse to fine 
layers (perched water-table effect) and salt-sieving in finer-textured layers. 

A frequent cause on sloping land is seepage water from ditches or drainage water 
from the root zone moving laterally downslope in the more porous coarse- 
textured layers above confining fine-textured layers. Possibly involved, also, 
may be some degree of analytical error resulting from over saturation of 


coarse-textured soil. 
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III. Climatic Conditions and Consumptive Use of Water. 

Temperature and rainfall data are available for Broadus and Miles City, 
Montana, but no solar radiation records are kept at either location. ‘Therefore, 
it was necessary to uSe weather and solar radiation data for calculation of 
potential evapotranspiration from another station. 

1. Temperatures at Broadus. Average monthly temperatures exceeding a2 
generally occur after April 1 but remain below 50°F (Table 1). March tempera- 
tures exceed 32° in about 5 out of 10 years but mean monthly temperatures 
remain below 40°. July and August are the hottest two months with slightly 
higher temperatures during the month of July. From November 1, monthly 
temperatures return to the 32° level. January is the coldest month at eo? 
The mean annual temperature is 44°. It follows that the growing season at 
Broadus occurs between April 1 and October 31. The consumptive use of water 
is, therefore, calculated for this period on a monthly basis. 

Comparison of mean annual temperatures at Broadus, Montana and at Bismarck, 
North Dakota, for the period 1967 to 1976, shows a difference of only 3.8° for 
Bismarck. Most of this difference is due to cooler temperatures at Bismarck 
quring the winter months. The mean monthly temperatures for May, June, July, 
August, and September differed less than ae during this 10-year period. 
| 2. Solar radiation. Solar radiation records are available for Great Falls, 
Montana, and Bismarck, North Dakota. Ten-year data for the period 1962-1971 
show differences of 1 to 4 percent between the two stations. The data from 
Bismarck, North Dakota were used as a basis for calculation of potential 
evapotranspiration. 

3. Precipitation at Broadus. The mean annual rainfall at Broadus is 
15.29 inches on the basis of the 10-year period ending 1976 (Table 2). The mean 
monthly precipitation during the winter months including March is 0.4 to 0.6 
inches. The peak of the rainfall distribution occurs during April, May, and 
June. During this period the monthly rainfall varies between 2.0 and 2.8 
inches. A sharp drop in rainfall occurs in July. From July through October, 
the average monthly rainfall is 1.0 to 1.5 inches. From November onward the 
precipitation is reduced to the level of that of the winter months (Figure 2). 
Therefore, three levels occur in the annual rainfall distribution, the highest 
of which is during spring with more than 2 inches per month. This is followed 
by the summer and fall periods with about one-half of the monthly rainfall 
received during spring. The probability of receiving a monthly rainfall exceeding 


1 inch during summer and fall is somewhat less than 40 percent. 
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Table 1. Mean monthly and annual temperatures (°F) at Broadus, Montana, for 


the period 1967 to 1976. 


1967 1968 1969 1970 2O7L 1972 1973 1974 L875 1976 Mean 


cee Cn eto.) 614.5 «651.8 «619.1 | 20.0 = 20.8 = 21.4 16:7 
ane 07 Onue ciao 20.0 «21,8 22.8 2754 32:6 15.5 32.0 25.7 
Moca OM OF ee) (3264 «37.00 «(3742 95.3 28.2 31,1 32.8 
pee meee leew aeeg ee sS.7 45.5 43.6 40.8 46.4 38.9 46.5 43:3 
ae OPS Ou o7 0655.5) 54020055.0 52-9 51.1 53.1 56.0 53.4 
uneeOOMOMEEGO.9 9952.45 65.0 65.4 65.7 63.9 65.5 61.3 62.4 63.0 
on Oo eee oonCmeCOpur sg)? 65.6 65.1 68.7 73:8 72.5 71:4 69.9 
ero 2 GSO 768 871.8 $73.2 68.4 70.8 63.5 67.5 68.5 68.9 
Pope OO E74 SN 615. 55.647 54.4 55.1 56.8 54:7 55.3 59.6 57.1 
Bee os 5.6 88.4 BONG 43.10 A220 064769 )«6 48.7 46.1 «242.5441 
Roem? oeeo. 0 26.1 31.4 33:6 31.1 29.8 34.8 30.7 30.0 32.3 
TeeE CM 9076. 187 «216.8 USS 25.1 25.9 26.4 24.4 20.9 
eae oo 51 840,0 4318 43,3 4248 45.0 46.0 43.0 45.5 44.0 


Table 2. Total monthly and annual precipitation at Broadus, Montana, for the 


period 1967 to 1976 (inches). 


1967 1968 1969 1970 U9 71. 1972 U7 3 1974 1975 1976 Mean 

Jan 0-36 0.51 0.44 0.66 1.63 0.58 0.17 0.26 1.65 G232 0.66 
Feb. 0.33 0.30 Ones 0.83 0.67 0.63 0.24 0.22 0.35 O37 0.41 
Mar 0392 O25 0.44 0.58 O33 0.73 1.30 0.54 0.73 0.43 0.62 
Apr. 3.84 2.62 Poeae ih 1.42 tee 0.94 2.34 2.24 2.54 S220) — “Zhe 
May 63 3.08 Lr 6 4.05 4.26 2.16 L350 3.04 3.08 2652 Dads 
Jun 3-90 EM Zeo0 ieee} LZ 3.88 Zei2 0.68 3:66 4,26 a ef 
Jul 0.86 0.68 Pate 20.97 O19 2.21 0.08 2,61 0.41 0.67 1.03 
Aug. 0.01 Seal! 03.36 0.16 0738 1.64 £202 O60 1513 226 be 
Sep. eS 0.83 0.04 Ass) 1.38 EOF Zo 1 0.68 0.06 0.45 1.28 
Oct 0.94 Oe 0395 0.65 5. 86 0.93 4.30 sede 0.94 0.98 1.45 
Nov 0.47 0.85 Deeks) a7 0.62 0-07 O22 O.37 0.53 0.38 0.49 
Dec. 0.50 1s, 54 0.56 0.39 0535 0.57 0.61 0.21 0.97 O.27 0.60 
ome ele (ono 7 Lont7) 16,01 "8 Pi. 2iv"12.66°°16705° 16.42°°15.29 
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Figure 2. Mean monthly precipitation at Broadus, Montana, based on a 10-year 


pestod, 196/-1976. 
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4. Consumptive use of water. Calculation of potential evapotranspiration 
using the procedures outlined in Section II, 3 and data from Bismarck, North 
Dakota resulted in the values summarized in Table 3. The calibrated Jensen- 

Haise equation was the following: ETp = 0.0129 (T - 17.97) Rs. Cumulative 
potential evapotranspiration rates were calculated and are presented in Table 4. 
The means of these values are proposed as the best available estimate of potential 
evapotranspiration (ETp) for the Powder River ‘alley area (Table 5). The ETp 
yalues obtained in this manner were converted into actual evapotranspiration 

rates (ETa) or consumptive use of water for the various crops in the area by 
application of crop coefficients published by Jensen (1973). The ETa rates are 


presented as simple monthly values (Table 6) and cumulative values (Table Dc 


Table 3. Potential evapotranspiration for the period April 1 to October 31 


during the years 1962 to 1971 at Bismarck, North Dakota (inches/day). 


Month 1962 L963 1964 1965 1966 1967 1968 1969 1970 OTL 


moe Stil 0085 05098 0.065 0.064 0.066 0.104 0.176 0.082 0.098 
May Peon f..02 .0, tes, 0.149 0.166 07169 0.145 0.185 0.159 0.175 
Sr, Oe eae U0. 2026 00.229 0.271. 0.188 0.202 0.297 0.239 
Sr eee On (om Oe omO. 24ON8O. 253 0.302 0,278" 0, 237 0. 308-0. 288 
ip ct Orc evo. 205 00.180 O.247 0.234 0,282 0.268 0.279 
a Ve Oe Coe eee .OO, Orlel O.NSge 0.138 £08b62 0.138°40.125 
Oct Pero Meso Oe0re, O,0SL @@.063, 0.0565 0.062 “02041 0.060° (0.056 
Table 4. Cumulative potential evapotranspiration during the season April 1 


to October 31 of the years 1962 to 1971 at Bismarck, N.D. (inches). 


Month 1962 L963 1964 Boos 1966 £967 1968 1969 L970 197 


Apr. 3232 2356 2695 Leo P32 1497 Said 3.48 2.46 29D 
May LeZ8 7.60 8.62 6.56 7207 7.20 7v6l oc21 7.40 6.38 
Jun. PAO oee oe cieet aes) 2560 923.940 983.52! 152268 15.28 16.30: 115.54 
ule Coe Oeee oe). e 20.36 21.77 23.18 21.88 22.61 25.86 24.46 
Aug. PORE ee eo oon 20.32 9277549"9390.82 28.51 31.37 34.16 33.12 
Sep. Soe eee O (78.73 31.28 35.54 32:65 36.22 38.29 36.86 
Qct. Comer emo s..9 31.26 33.24 37.28 34.57 37.50 40.15 38.58 
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Table 5. Mean monthly potential evapotranspiration for the period April 1 


to October 31 at Bismarck, North Dakota, 1962-1971. 


ETp 


(Inches per Month) 
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Actual monthly evapotranspiration values for corn, pasture, and 


alfalfa calculated from 10 years of climatic data from Bismarck, 


North Dakota, 


Month 

April 
May 

June 

July 

August 

September 

October 

Table 6. 

per month. 

Month Corn 
April ce 
May ew 
June 3.88 
July 7.90 
August 6.74 
September 2524 
October 0.48 


and crop coefficients from Jensen (1973),. 


Alfalfa (old stand)* 


inches 


Pasture Alfalfa 

(new 

stand) * 1 
220 —— 2.64 
4.39 =e 5.05 
D635 # 6.69 
747 == 6.44 
62a1 8°05 PR25 
oes7 2.56 3.37 
Lew 2RO2 2.02 

crop. 


* = Established without nurse 
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1 = Assuming first cutting is June 30 and left for seed production. 


by grazing. 


3 = Assuming a third cutting in late September. 
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Table 7. Cumulative monthly actual evapotranspiration values for corn, 
pasture, and alfalfa calculated from 10 years of climatic data from 


Bismarck, North Dakota, and crop coefficients from Jensen (1973), 


inches. 

Month Corn Pasture Alfalfa Alfalfa (old stand) 

(new Sar eee oa. 

stand) 1 2 3 
April -- PEN -- 2.64 2.64 2.64 
May ee A 6.69 oe 7.69 7.69 7269 
June 5.19 slip yl ne 14.38 14.38 14.38 
July 13. 09 19.95 -- 20.82 20.82 20.82 
August 19585 26.29 ooo 28.07 26.26 26.26 
September 22.07 29.66 6.01 o1.94 30.19 29.49 
Qctober Hee) Jl. a2 8.03 33.96 cya iy: 31.34 


* 


+ 


Established without nurse crop. 


Assuming first cutting is June 30 and left for seed production. 


4 = Assuming first cutting is June 30, second cutting is in August, followed 
by grazing. 
3 = Assuming a third cutting is in late September. 


Dee interpretation of Soil) Salinity Profiles. 


Thirty two profiles from irrigated land located at three ranches in the 
Powder River Valley were chemically analyzed. Data from 17 companion sites 
on non-irrigated land are also available. 

1. Description and interpretation of salt distribution in individual 


fields and soil profiles. 


a. The Jurica brome grass pasture area (Jg). 
The irrigated field is divided in two parts by a soil boundary. The upper 


portion, adjoining the irrigation ditch consists of Heldt silty clay loam. Two 
soil profiles were sampled in this area to a depth of 8 to 9 feet (Jg 1 and 4). 
Two more profiles from unirrigated sites located just across the supply ditch 
were sampled to provide a comparison with the irrigated land (Jg 1C and Jg 4C). 
The lower portion of the field consists of Haverson silty clay. Three 
profiles were samples in this area (Jg 2, 3, and 5) and one companion profile 


in an unirrigated field of the same soil type located across the road (Jg 5C). 
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The 2 profiles Jg 1 and Jg 4 in Heldt soils are chemically very similar. 
Roth have low conductivity: Jg 1 less than 1.5 mmhos/cm to its full depth of 
9 feet; Jg 4 less than 2.7 mmhos/cm (Table 8). The upper portion of this field 
has, therefore, no salt problems. The similarity between the 2 sites is further 
substantiated by the Sodium Adsorption Ratios (SAR) of the saturation extracts. 
Profile Jg 1 has SAR values between 3 and 5 which indicates absence of sodium 
problems and Jg 4 is comparable with a maximum SAR value of 6.0 at 4-5 feet 
depth. Both profiles have relatively low and uniform chloride ion concentra- 
tions which indicate good water relationships and free downward movement. The 
ratios of chlorides in the saturation extract of surface and subsoil layers 
show a moderate accumulation of chlorides through the rooting zone (Table 9). 
Calcium carbonate precipitationprobably occursthroughout both profiles, but 
qulfate concentrations are low and indicate absence of precipitated gypsum. 

The companion profiles Jg 1C and Jeg 4C add only little new information. 
dg 1C shows an increase in SAR below a depth of 4 feet, reaching sodic levels 
helow 6 feet. At the same time, the EC values indicate salinity in the soil 
below 4 feet whereas high calcium, magnesium and sulfate concentrations prove 
ihe presence of precipitated gypsum. The chemical data of profile Jg 1C may 
indicate the natural conditions with unfavorable saline and sodic features 
below a depth of approximately 6 feet. On the other hand, this companion 
profile is located too closely to the water supply ditch which may have 
resulted in an unnatural subsoil enrichment in salts and sodium from lateral 
seepage. 

Profile Jg 4 shows favorable chemical conditions to its full depth of 
10 feet. The soil solution, however, would be saline at field capacity below 
4 feet. The interpretation of the favorable chemistry does not carry much 
weight, since the site of the profile is extremely close to a soil boundary 
peiinene tag an area with sandstone outcrops. The sandy subsoil of Jg 4 would 
assist in preventing the subsoil chemistry of profile Jg l. 

In contrast with the favorable soil conditions in the upper portion of the 
field, the lower area has poor moisture relations, and a serious sodicity 
problem at a depth of 1 foot. Starting with profile Jg 2, the EC of the 
saturation extract increases from 5 to 10 mmhos/cm in the first 5 feet of the 
profile and to even greater values below that (Table 8). This means a 
development of progressively more saline conditions with depth. Furthermore, 


SAR values of 14 to 20 in the saturation extract occur between a depth of 1 and 
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Table 8. Physical and chemical analysis of irrigated and non-irrigated companion soil profiles. 

Profile Sauubattonerostract 
and Elect. : F 

Depth pH Cond. SAR Sat'n. —_- Seons me (ne Md, ; = mieg MT) 
(feet) (paste) (mmhos/cm) (%) Ca Meg Na K eal HCO., SO, 

Jg 1 
Or} 7.9 2 m5 65 Ae62 1 INS5 COL OO46 W.58 %.'92 6.92 
1-2 8.0 a ae 4.8 54 370 La. PHLVO87 1.48 f.89 ee) 
2-3 8.1 4 Bye 53 5109 11870 OIL O19 08 S.21 Pest 
3-4 7.8 125 a0 60 Sto? 2iks3 ey Oss 2.67 2.67 ewe. 
4-3 Cal an 4.9 48 5y00 S188 a7 002). 2.478 Oho 203,25 
5-6 8.2 1e3 4.2 43 42 A186 TaN O23 2.56 1.86 9.53 
6-7 Se 1 1.4 4.8 44 WeO9 927.27 SH64 9 0.03- 2.78. 207 «= 10.28 
7+8 8.5 i OS) 4.5 29 au79 2207 7059 UORS4 2467 2.07 9.66 
5 8.7 Lez 4.5 35 Sei. be 7.7) 0229: 2:00 » 2.57 8.86 

Jg 16 
0-1 #4 1.0 17 54 agei 02204 S2U5 0-93 G67 5.29 5.57 
1-2 Te 7 O57 1.9 49 S27 11643 2066 80120 0482 3.27 3.67 
24 7.8 0.6 Da 45 2800, Lath 2367 00222 ©@.57 2.89 2.44 
374 7.9 M2 a0 45 67 Lakzs 733 00322 (67 - 4.22 Ege 
4-5 8.0 eS) 10.3 47 Br) E3262 21249 WIAs 20.64 3.19 26282 
Sof 7.9 oe 1033 45 228G7 12022 sie O44 0.89 3.56 70:67 
6-7 8.0 8.8 1583 48 Lone: 17250 66225 OOK? 2.04 42.67 101125 
7-8 al yah 19.9 36 i Di) 0.83 65.66 90.28 As11 3261 89:06 
8-9 8.2 9.7 2073 845 189 16:89 80,67 90144 0.67 2.22 110.00 
9-10 8.3 9.3 20.4 47 a? 1901S 89288) O43 0:64 1.91 115.32 

Je @ 
O- 8.6 5.0 Bre 71 poeus 15965. beetee 00085 2.99 3.04 58,59 
a 8.0 S41 14.0 79 2229) W8G243 160800 G0%G3 29:28. 2.53 65.70 
274 8.0 9.2 18.0 88 O22 M561. F77495 D086] 17527 3.0h 95.68 
3-4 8.1 787 A491 70 pages T1886 95724900057 5.00 3.00 83:74 
‘ae Sk? 9.8 19.9 54 20987 M9G4 938763 00656 1.02 2:78 124.81 
5-6 8:5 14.0 BY 55 51 WS 26762 240.207 0.78 0.98 2.16 190,00 
6-7 8.3 13.9 26.8 71 D729 GO a65 710.09 0:85: 2.25 187104 
7-8 8.6 1220 27.6 49 Ieee? @20,00° 120,60 .0.82 0:82 2.04 156.94 
8-9 Oval] 9.8 41.6 54 Ugo eee. oo 109.07 20,56 0.93 3.89 118152 
9-10 8.8 8.6 eae 42 Pe eenO no e082 oO. 7) 1.90 4.76 97.86 

Jg-3; 
O- 8.1 132 526 48 2643 211546 SUSE OTT) 1528 4.63 6.46 
ut 8.1 9.2 1783 65 24001 149723. 7e08Re GOP46 11.85 3.85 108177 
243 S22 9.9 Dict 67 207-45 19540 995.32) 0.60 15.22° 3.73. 117-01 
3-45 8.1 ey 18.4 63 208 17930) 7928 (663 4.44 2570 111s12 


i 


Continued. 


4 


.selttarq (toa. noiaaquns bo jegltsi« wy 1 


etm 4 : i hs 

linn Se ee ei ——.~ 
sae a 

—— a Pe) Sire a. ° a sac 
inet : 


cn 


__{)\pue) snotek EC ieemt saat 
a a 


ot); nn oe | f pit 


rR 
- i ¢ Br .t aad 6 F a Pe ] 
ot.4 C6.€ 80.1. 8¢.0. fact is.i 
f ¢ a el 
: . 0,1 ne ? vu! 
Ef Ta. ro S f a 
. > i (r.P ls | ¢ 
' 4 F r 6. 5.4 
t ‘se t f 
4 ' si) >) >" 6,8 
. GO.l 4,0 @€.% 0.2 t.4 
t ° 
oa ac c.8 
f » fh.é ad Vuk 
,O6U t } er . ve ae 
. Te ec 
rib aM dws Ln : 
4 - i 
4 ii-€ \? t.@t 
5.8 1.82 Pi f Abt 
J ’ é e,."f Ra F.€] 
Lf [ ; t <i 
) fe ¢.05 
« ‘ ‘ . >, 08 
i rT iz 
‘ we 
I 5 a O.Af 
: | , d . P| 
. iS i) & »hl 
‘ mw a | 
= Le « 
. a ~ * 4 Ll‘ 5. 
oa.0cf OO.05 Te.8 GF oat Meee = 
. a Cae ; 
rt «! ee 
| vA 
f 
: AY 
PN i. i 


wi So 


Table 8. (Continued) 


Saturation Extract 


Profile 
and Elect. ‘ , 

Depth pH Cond. SAR Sat'n. a Gitiens Imes th) peeps eg) 
(feet) (paste) (mmhos/cm) (Z) Ca Mg Na K Cl HCO., SO), 

Jg 4 
O- 7.8 ite ae 3.6 61 4.43 1.80 6-23 O49 9b 4-59 7 ied. 
a 109 1.0 4.8 46 2325. 1209 64 O82 1.630 AGS 7: 
ana ie] decks 4.3 42 Ag As6/ 7102 O24 d.43 Sata 7.62 
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2*3 hod) 8.4 ie Pe jige) Zea) “¥3204 “64711 “0268 “8.90 3.70 ~87.40 
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" Table 8. (Continued) 


Saturation Extract 


Profile 

es Pi garnet a a Cations (meq/L) Anions (meq/L) 
(feet) (paste) (mmhos/cm) (4) can Mgt? Nah KT Ch HCO, SO, 
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Table 8, (Continued) 


Saturation Extract 


Profile tu One et 
and Elect. erie : 
Depth pH Gond. «SAR - Sat'n. = pp tetts eAnlonestmea{l) __ 
(feet) (paste) (mmhos/cm) (%) Ca Mg Na K CL HCO, SO, 
Ja 4 
0-1 8.0 Dol! 6.0 73 6.03 320) 13% 15m (O55 Dee AUS] Sh MOE Pe 22 
l=? 7.9 8.0 9.8 69 246 491°1.5.65 wS291). 0272 Ot 382.261). 92606273 
2-4 Po 8.9 1253 68 2B6 24196 18509 56.32 0:44 6.62--2.06 89.26 
a 8.2 9.1 ‘Sedl 54 22 DORE 2S .a AOR 4 0256 4.07 -- -- 
4-5 m2 sz 14.9 50 14.60 14.80 572007, 2320 6.40) 4.20 72200 
S76 ore Me 3) 8.6 58 ZOnS Zao. 36 ie Osa 5269) 1572 Si ie. 
6-7 8.4 See 14.0 Shi Se Ho AO Sys 6OS2 ar 08 95) 2. 97 89.73 
7-8 8.4 47 se tad Be) Pe21 22 1Or91 43.947 0761 4359" 3533 44.24 
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Table 8, (Continued) 
Profile 
and Pilkect. 
Depth pH Cond. SAR 
(feet) (paste) (mmhos/cm) 
Ja 6,8€ 
0-1 ies 135 6.5 
1-2 The 9.4 1432 
2-3 a5 12.0 18.7 
354 8.3 1384 24.5 
4—§ 8.4 1960 2540 
5-6 a3 17% 2593 
6-7 8.6 1452 2289 
7-8 gus 12.6 22.6 
8-9 eas 14.0 2607 
9-10 8.4 Li 2184 
Ja 33 
0-1 8.1 1.6 5) 
1-2 8.0 6.0 6.5 
2-8 7.9 Ue 16 oa7 
3-4 8.0 6.1 6.5 
4-§ 8.4 501 2735 
5-6 ce 73> 11.0 
oA G75 Fae L7SL 
7-8 8.6 10.8 1359 
8-9 er 10.0 16.4 
9-10 8.6 110 1882 
lal 7¢ 
O-' 7.8 0.8 ei 
ual 8.2 0.6 OES 
Qua 8.2 at 316 
3-4 8.4 250 9.1 
5-6 8.1 7 9.6 
6~4 8.5 Taz 10.9 
7~{ pa aw = 
8-9 8.7 8.5 Loo 
9-10 8.6 9.8 1385 
Hew 
0-] ol 220 Lew) 
1-2 8.0 6.2 16-2 
23 8.0 8.6 13.8 
3-4 of 7.9 13.8 
4-5 8.2 ee 14.3 
5-6 3 Oped TA 7 
6-7 8.3 9.3 1529 
7-8 8.5 6.8 19.6 
8-9 8.3 8.6 12.8 
9-10 o-3 8.9 14.0 
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Table 8, (Continued) 


Saturation Extract 


Profile 
and Elect. 
Depth pH Cond. SAR Sat'n. -—---tattons (meat) cations ie A = eee ae on 
(feet) (paste) (mmhos/cm) (%) Ca Mg Na K ci HCO, SO, 
rm 4 
a feke ew Bo 53 1Ga0 2238 7.695 0273 1.64 6.18 10355 
lr 82.0 1.4 cept DD 5.64 230 62187 0236 1,82; 3.64 9.09 
2r3 WY 139 2.8 42 16700 3933 7.14 0.48 22387 3210 15.48 
3-4 823 4.4 320 45 30.44 15.78 Tan220 OF 22 4.22) 2.44 54.00 
4-5 8. 1 4.6 4.0 49 23-268) 20541 13557" O2861 264260 2326 58.98 
57h S33 93.1 1. 6 67 21.94 24,18 64.78) 0.90 28535 2354) 1O0Gs72 
6-4 8.5 1is6 180 74 22857 2da.68 88.551 0.95 2065: “2280 132.57 
7-8 8.4 14.2 2053 48 Zpecle Bee 758 115.00) 108 7208" 14.38 171.04 
8-9 8.6 14.4 Bb e-ge| 44 ~oatoy so590) 106514? 03915 10800) 1259) 156759 
9-10 8.6 Leo 2037 47 Zoea8§ 333625 114391) O285 oea77 13238 160200 
O-] es WS? 16 38 S36 A2e 23340 8242) 0.53 63570 6458 52503 
1-2 Died 0.8 4.3 AL 6.10 2.68 9502) O298 13225 4288 12363. 
24 7.6 524 3t38 33 334649 20493 Los70) laZk 3.64 4.24 676.58 
3-4 tee Dee 1.8 38 JL SSP 192 21 S695% 10324 . 3342) 32.42 54.21 
4-5 7.4 Se2 12S 4) san6ee LOLS i OP 51% V46 De 16 22-93 57207 
5-6 786 Dea ee) 38 34.47 18.68 9776) 16.05 02054 “2.37 IPG op 
6-7 Tod 32.6 3.4 40 30.75 18.00 17Z00) 4300 62509 223 08 33°25 
7-8 teed 6.8 AD 52 25396 16/54 ZO3 770 03,96 Siz7e 2.12 53% OD 
8-9 149 Se2 166 58 Zen oee 202 17 3be OOF 1603 BLO: 2224 68.28 
9-10 sya LOF2 ob2 42 25%489 + 233.33 40.24 OF71 62674 2238 80.71 
Rm Qi 
Oe] 5 nes) is 2A a 2a: 251k aay OF53 O.689 6.14 ln 93 
1x2 188 1.0 V6 47 4.68 2.34 2696) 0343 1,065 35.18 63 1 
2-3 722 WeQ ia 43 6.28 25,56 6649) 0747 03937 2338 9.53 
3-4 Teo Leng. aed 47 1% 87 Bf 9 Bi dee “Obs 1328) 4226 11.49 
4-§ 7.8 3.4 2D. By) Zoe 93 3581 14586 0:68 O25¢) 225% 44.24 
5A 783 6G Ghee) 63 246, 18% 10 166.676 0279 O03. 68) 12.90 60.48 
6-7 8.0 4.5 3.4 59 282002 19:80 16:80. 0.80 1620) 3320 61.00 
778 oF 4.6 Sh Sik 28,24) 19,02 15.69, 0:78 Inde) 2376 59°30 
8rQ ova 8 4.4 aL 39 26,92) 18.46 14.87 0.77 On 7g? 24.38 57.95 
9-10 Sil 4.8 4.3 54 tie ga 20. 1G 20.93, 0374 Ie lay 2,96 65.00 
Rm 2C 
OF: 7.8 Oe 3 35 6.29 27.00 0.57 O.57; 3.43 7443 
i Teed HR 1.4 29 L795 8.62 0.34 1,037 23:76 27595 
Qs as i< as ae ar ae ce as. =e es eu, 
Bi 726 ae 4.3 36 29% J2 8.89 0.56 2550) 3233 Ses gi 
4-5 72.6 4.4 19 3a: 33.37) 22526 0.65 33 Do5 «23 26 60397 
4- Teo 4.9 hg) 40 Seem 20675 P00) 4¢50) 2x50 625.25 
ay 736 Bi2 oe 40 33%. 007 195,25 1.00 5y7Di 12.50 54.50 
7-8 T&S 2.8 348 52 28246" 197.33 0.96 78295 (263135 58,27 
G2 Ted 7.0 6.5 50 24.80 24.00 1.00 S325 2240 713.20 
O10 Pe 2.0 Fee 49 22naay 25,10 0.61 30) 2), 24 13 67 
7 
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Table 8, (Continued) 


Satubactone Extract 


Profile 
and Elect. ; j 
Depth oH So 3 eae 2 Aabiens Goel) Matone \(menyE) 
(feet) (paste) (mmhos/cm) (%) Ga Me Na K c1 HCO, SO, 
Ra ] 
Or} 720 124 Zal 57 6.67 2.98 596: 003.35 1705 %5226 9.65 
1-2 7.9 135 326 66 6.52 2373 favo 70230 14.36 “4055 114736 
2-3 748 323 3.0 68 22242 9.71 $1791 90259 Iea7 =8562 38.68 
3-4 38 433 a24 55 28.36 15.64 26700 70273 Za00) e2003 56.00 
4-5 8.0 6.4 Day 51 25e80 23833 28:43 0:78 4490 42635 71328 
5-6 8.0 8.0 2720 w3 24.38 21:64 $5.20 00.82 8736 °3.01 90.55 
6-7 -- -- -- -- -- -- -- = -- -- -- 
7=8 8.1 9.9 1550 79 24506 25.18 74.56 0.89 9387 24.505 ailez7 
8-9 8.3 10.4 17%8 58 22.24 25552 86.72 0.86 8279 2.93 123562 
9-10 875 10.4 18.9 52 19.81 22.88 B7231 YO377 Sees (2250 120700 
Ra 1¢ 
O-} aed 0.7 O22 46 6.74 2.61 0543 “LT09 1230 74735 De oe 
14 425 129 1.6 48 O5421 Sea 5.63 90583 3275 ©3554 22.50 
274 7.6 378 24 43 24549 16537 10393 §0;70 4788 (2433 46.98 
374 $28 6.7 56 54 23°89 122.78 26089 VORTA ©3589 “3215 OrL22 
4-5 139 6.9 6.5 57 20:88 24339 30.88 0.88 2046 £2228 72228 
5=f 8.0 733 a5 42 20,900. 420595 3631 VOGT 2386 °1390 70271 
6-7 30 720 729 43 Z2eo0 622.79 e7eo7 '0593 2279 72709 79.07 
7-8 Bionll hee Hos 4l ea 2a eS 33290 70298 2293 S195 TAURAG 
8-9 Sige. 4.5 6.8 39 7.69 BtyZ 1949 70.51 2.0L 32456 31254 
In} 852 2 ae 6.1 30 ee | yaaele) 16.67 0.67 2363s 2,33 27 200 
Ra 2 
O- 7.9 15 3.0 53 Feo bste2 6760 70168 11270 +6104 8.87 
id 8.0 12 Dal 41 415 2420 6,59 O.24 1395 $5437 5985 
274 728 455 336 60 26.50 14.50 $6253 J0667 3433 22450 52317 
3-4 iso 550 hed 63 2524 16367 24059 90.63 2022 93463 58557 
4-5 7.9 5n3 6.6 48 26-46 15742 BOL 21 JO+63 24.92 £2.50 67.29 
5-6 S71 6.4 Sel 61 26.56 18.03 38.36 0.66 BIOL S2779 ges aN 
6-7 B22 10.8 16.4 49 6.00 27.76 SI576 (0.61 6.73 ©3547 4134.69 
7#§ 853 114.2 Bie f 65 ZO90 232.08 205254 "0562 4:92 2.62 145.69 
829 8.2 10.4 Su. 7 y Be 6.99 11.78 Ofte 0.55 6.02 -4.52 105.89 
9-10 8.8 6.4 7g a 79 4.05 Tah? 65,44 .0.38 3.92 «4,18 69.24 
Ra 2¢C 
O-} 726 0.6 128 33 3.94 1.82 8.03 VO.61 UL21 24224 3.94 
1+2 8.0 0.6 228 30 2333 1:33 2467 20:33 £300 £3367 3.00 
2-! 832 1.0 35 6 31 2590 2558 5.81 00,32 BaD =355 4.52 
aah, S21 1.26 25 31 9.03 8.06 F2kO 00362 02.97 22290 20265 
357 4}5 #28 33.3 264. 34 Zueke 12694 S262 00259 2206 22535 39.12 
4h 5's 729 5v2 3-6 31 214694 16.77 B5061 00665 2258 “2426 50. 82 
5'g> 6g 8.2 10.0 8.9 36 24417 194,44 41.94 0.56 2R7I6 22250 80.83 
613-75 8.4 £1.0 326 40 19,50 7.25 ior25 0250 2500: - 2925 A275 
748i B63 1258 2.0 38 18.68 20.00 2595-. O79 ate. 2eh3 42.63 
8.7 ee. () 4.6 38 U7263 (16.32 18.95 0.53 3.42 1.84 48.16 
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Table 8. (Continued) 


Saturation Extract 


Profile a 
an Elect. ; : , 
pepe pil ine ee ~- ns Cad dd. ot ee 
(feet) (paste) (mmhos/cm) (%) Ca Mg Na K Ci HCO, 80, 
Ra 3 
Or} 3.2 12 205 48 6.67 4.13 60 ©.63 8.46 6.25 8.33 
1-2 Si. 1: v5 3.4 45 7.56 2.89 Mose O.22 2.22 4.00 12.00 
2-3 8.2 Me yy! 43 6.0% »b.86 roo 0.28 286 2.79 8.84 
3-4 7.8 ty 5 3 60 50 3.39 5.6% &.50 2.79% 3.33 122.50 
is 8.3 22 de. 5 29 Oaly 2245 1.98 6.394 4:48 3.45 16.55 
5x 8.0 7.6 2.8 Al 8.29 2.93 6.34 0.49 2.44 3.327 12.44 
6-7 dol On at 36 MOG eseeS> 13 61P G56 «3.61 2.78 (22.67 
778 5 ete WoT 38 UG5 267 “2G571) 12063 G53 «33 2289 = 21.32 
8-9 8.2 2.0 4.4 36 O28 4.48 iy.9% @©<.56 2.94 2.78 22.50 
9-10 2.9 1.6 2.6 59 9.33 3.39 6.44 O55) 2.86 2.53 15.59 
Ra 30 
0" hel 0.8 Me 7 4l 6.34 9.76 468 0.98 0.73 5.37) 125.85 
1-2 7.9 oi 1) 2.9 37 1S 52.38 116.2% O.54 2.9% 2.70 (3262 
2x3 7.6 3.5 3.6 36 ‘ot? 88-89 13.62. 0256 5.00 2.78 35.00 
3-4 hl 2 %.2 42 20.43 10,24 122.86 0.48 6.43 2.38 136.19 
4-§ 7.8 5. 4.3 56 Pico e082 sie uk O23 5.36. 2.32 938.75 
5-6 79 5.4 47 56 15.18 15,89 4238.39 0.89 3.08 2.14 145.00 
6-7 8.2 Da. 535 26 bre Gee omen? 6080.36" @ 23k 2569 24262 
7-8 8.4 ileal yest 27 S233, 62559 O6nOs37- o48a 2796 11.48 
8-9 8.4 eg 6.7 32 PAGin Pats 97690168) 1685. 364 10.00 
Ra q' 
Oe 7.6 1.0 1.9 58 %.07 «2.59 44 0.52 0.86 6.90 6.55 
4 8.0 ay, al 2.5 53 6.04 1.89 oO O99 51.5 4.05 Pes 
273 a. 125 3.0 52 8.08 2,31 6.99) °O. 19 2350 3.27 Yb.5é 
374 8.0 et 229 54 5 are aby: C55 fe O37 8’ 2606 3.15 7.59 
4-5 7.9 sak 225 56 SeOOme ba6l 264 02356) 2268" 4.91: 4.82 
576 gen BSG 3:6 48 F292" 2250 Sets: 00542 2879° 2550 6 Iii? 
6-7 8.3 1S Hes 38 Sear) e2es9 aie? OF52 2559 2:89 F8576 
778 8.5 Nea 4.1 37 Srin, 22°70 Seco rer -2ilo- 2276. “86592 
8-9 8.4 127 e35 33 eG = 2502 VOl6t  OS30) 2542 2573: 13296 
Ra 4¢ 
0- 7.8 1.6 4.5 42 7.38 «4.29 6.33 5.24. 4.05 15.00 126.29 
ie 7.9 9.3 Np? 38 31.32 25.26 6.52 8.05. 53,94 2.2) 8.16 
2-4 8.0 12.6 4.1 oF 25556 27.5% 2) 0.374 65.99 2.22 7.4 
Ire 7.9 6.6 5.0 31 26 6.7% UO.dh 2.26 7.74 2.58 39.03 
it 8.0 Vea Ae 40 eeOO Oe ao 258 0.75 4.75 2300 36575 
5r 8.4 253 9.2 28 Peo Oeeel arene o? 90.36 2.94 2.86 13.23. 
| 2 RAY S27 31 2.50 426) S79.) 0,97. 2.58 02:58 9.03 
7 8.5 15:0 43 35 22 he 1852 6.06 0.61 0:91 2.42 i Re | 
at S52 Als) Se 29 Sy ene 6.21, 0.34 10.69 22.07 « 20.30 
9-10 ea IS 4.4 31 Sie oe i. 00 0.97 3.87 1594 15.48 
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Table 8. (Continued) 

Profile 
and Elect. 

Depth pH Cond. SAR 
(feet) (paste) (mmhos/cm) 

Re 2 
0-1 eo. Bins 6.9 
1-2 8.0 7.9 Li9 
2-3 8.4 105.6 1925 
3-4 8.5 LOZ L902 
4-5 8.8 6st 23°9 
5-6 8.8 BaD Liew 
6-7 -- —— -- 
7-8 -- ~- -- 
8-9 8.9 Bee. 23a 

Rg 2 
O-1 Wes 6.2 S20 
1-2 8.6 14.0 oat 
2-3 8.8 L6. 7 36a 7 
3-4 9.0 LGs)5 45.9 
4-5 Ok 10.0 520 
5-6 Das 1645 93a/ 
6-7 PES) ATG Peed 


No Companion Samples for Rg 1 and 

Re. 2% 
0-1 Hoe o5) Sel 
1-2 So 3 Tae ZO. 
2-3 Boo 14.4 DETERS: 
3-4 Orel Sie 250 

Rg 3 
O-1 Theo) ies 4.8 
1-2 Tiere) 4.6 6.8 
2-3 8.3 ee (ees 
3-4 8.4 9.0 14.0 
4-5 8.6 LS @ 22 ll: 
5-6 8.8 eee) 24.6 
6-7 8.6 SEG BESSY 
7-8 8.6 L3ry6 2A AS 
8-9 8.6 fk PEO, 
9-10 8) 7 OD 16.6 


No Companion Profile for Rg 3. 
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Saturation Extract 


Cations (meq/L) 


Sat'n: 
CA) el ue 
62 16.32 5.65 
69 22.86" 27°59 
64 22.05 23.44 
pe 18.89 5. Oo 
FZ SyaA0h0) 6.81 
38 3.68 JAE 
29 Vs eZ i233 
66 11.36 8.18 
63 L9SosSy 245.29 
60 LO OOm 260 
74 LSeolly L6s22 
4l 2.44 Seow 
34 2306 7.06 
74 DOO] Seek 
ae 
64 PN ecw. NE BNeg lS: 
54 eve cone MSS 
61 bo59 137544 
Fial. 8.45 Gia Que 
60 6.00 3400 
bys) Lhtises 13 42 7 
a) Oa SH 3h a4 
42 ZO 29:52 
61 POS UG) WANS Sy? 
49 2On6iks 56533 
34 LO n 405 9k 
Si Sin AE BER OS 
35 Sin D7 JOSE 
39 10.00 Vals: 


Na 


133 


eye 
Lee 
5 ow 
yeh 
- 00 


107 


ey 
94 
oF 
Ae 
to 
ot 


.66 


15) 
-68 
308 
id 
.90 
»41 
- 36 


<0 


2} 


. a 


262 
~23 


shit 
HS 
i5.4 
2 
08 


86 
24 


__Anions (meq/L) 


Cl 


HCO, 


SO 


é, 


86. 


bia ee 
109% 
18933 
(a.* 
17] oe 
148. 

TOs 

66. 


madd Be 


Table 8. (Continued) 


Saturation Extract 


Profile 
and Elect. , : 

Depth pH Cond. SAR Sa! n. ap Se ttens (mea /h) sAndops fmeg/L) 
(feet) (paste) (mmhos/cm) (4) Ca Mg Na K oi HCO, SO, 

Reg 4 
O-1 Tall Ue as Beg 56 393 Diewlees Gite Olga 4 Oe Toa tOyy 61.25 
1-2 oe 1 3 ee By 4.59 ZERG elt OL 7 OrntG y- 2ee 3 fl le-33 5 
2-3 8.0 Za 9 By 0 46 ROR 6.96 Ol BOS ee Come 2a cael 7, 330 0 
3-4 8.0 36 3 6 43 DPS 3) A DESO ee One 0 2209 » kvB6 60.91 
4-5 St 1 3.9 4.0 34 TREN (AES 9 1USYe (Ske) Tegan » Xbly sys) PhO — Bly 53 2 
5-6 Sre2 eS Dat 38 2OM26 eZee? I) 2526 lat O5 395 9 18 65.26 
6-7 h5 5) Dol Bi, © 46 1943 28526 2 ay lee 2. By wey TIES SHO He ay? 
7-8 On 2 6.8 Woe 29 oo 7 BOL69 3On oT Bases Soom OS 83,0 
8-9 8.4 frac il hth 33 Oe Oia lS 2667 0.92 Hoe 3533 Se 5, 

No Companion Profile for Rg 4. 

Rg 5 
0-1 fae 20 a] 59 Tao 4.24 LD Go H W251. pe ayes AY 19 a2 
1-2 8.0 4.4 Ste 7 i pies Bho 235408 On43 BNO 2a 2y87 7 50.85 
2-3 8.0 te 2 Wd 56 VOROS EL 750 Bee? 5 OT: Gil OD) Bed? 60.00 
3-4 onal: 6.0 Ore 50 ZORSO ea 700 Abv605 G60 10:40 1.80 fen O 
4-5 Bie, 3) 418; 8.6 54 Piva esas 3 4a Oa7l& 123595 2«04 es 
5-6 8.2 UGE 8.8 56 ZAIoS) BAGS Ato erl 15.00% Be79 7 Oo 1 
6-7 Sel On 7 9.4 56 16296 2S.439 BOR 9 gO ef: 84395 £07 65.89 
7-8 Sr. 2 ae Tee © Sy, TES ASE VBI oie) 48.69 0285 S088 | lino S Teague 
8-9 BS 3.9 4.8 B2 Moe BS 6.56 1G.250 B63 Aes ik 25 35 93 
9-10 48 Brey OF 32 Weak Shore. Onsiee Ons j-oo 1.38 Ie 

No Companion Profile For Rg 5. 

Rg 6 
O-1 > ie. 2 Dray Dill 5.69 DiS bee le On 39 ih SY By 6.47 
1-2 De® 2.0 Be] 49 oo 0) i, PRS, PeN A eee. eelan gull Pou 2 
2-3 V/ exe) HBS) tL oedl 38 26058 ie ALG HA54" O26 dom ee te. 37.89 
3-4 #29 3.3 ie 48 PRSnojoy. | dially, weas he Om O42 1885 ass MWe BS) 
4-5 7.2 2.5 ENO) by! CHRO ORy Las 7 7 92048 0.58 LaOtte deed 3 49.62 
5-6 6.0 a2 BO 36 DPR OM ie 22 13,935 «06 isos, 1.67 S0nz6 
6-7 8.0 Ce Sige? 44 ZOe ol ae be 36 Tem O4 a Omae DOIN AA SY5) 46.59 
7-8 ical 5/0 hg he 38 2 Saas Oe 14 156265 0.79 22 O9~ die Se Bares, 
8-9 8.0 5. 7 oe) 36 22] Ome 2 SO Wit Aee are Jel. Bi Oe elo, 62.22 
9-10 SoG, Let Seay 26 Pon Ocem lon 00 $5600, O77 2.69. 2.54 44.62 


No Companion Profile for Rg 6 
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Table 8. (Continued) 


Saeureae Lom Uxttact 


Profile 
and Elect. : . 

Depth pH Gordes GAR” {at'n. 7 cat rons Galt), ap ions Ane) 
(feet) (paste) (mmhos/cm) Ce) Ca Me Na K C1, HCO, SO, 

Rg 7 
O-]. P28 io Law Ad oa) 8.18 S45 0.68 1.14 6.59 15.00 
1=2 8.1 0.8 Ce: 32 3.44 L383 Sr eek Lees 22a Daas. 
2-3 8.2 O..7 age oP geo” 1.23 jee eae | OO 2 LD 4.38 
3~4 8.0 1.8 ante 36 eo er br Oe 1. Gh 2.22 1167 
4-5 SIO O79 250 23 SoHo *? Lee Seo Uens | OreP 2,4) 6.09 
5G 7.8 28 La oo Lo. 2A ea S80 4.80 0.80 eed eZ 26.80 
6-7 S52 Oo 1.6 30 6.33 2 0U 5 igh olin PR, mien Ore © 10 ae ee 9 9.67 
7-8 8.20 ee a, 30 ae Yao SU ee ke 2. OO 20, 33 

No Campanion Profile for Rg 7. 

Rg 8. 
O-} 7.4 ee ‘ae 52 S.08 3.85 peso, vos | 1. 35452.96° 213.27 
1-2 7.8 1.6 230 46 8.04, 85 3.126 7204.28 79 1. 96, OS 48.9 13.48 
274 9 a 2 th 34 Dae 2:20 >.e) 10. 29 1 A 9 94h 10.200 
3-4 8.2 an. 2 248 29 4.05 06 1.72 5 ly, 1O.3% L. S802. 76 7 3 
4-5 8.2 Liga fat 30 5. OG G7 L..G7 5. OR 6D... 38.35 .1.. GVO Gy 1.67 
5-6 Sak eS eee au 6.45 1. OA D4, (NOs 3299 1. GLO. 26 10.32 
6-4 8.% 1.9 2.6 38 LZ oe, 3. 72 GG, OO). 29 1. 7G 00 51 20.00 
7-8 8.0 206 2a a2 ZL as, 5. 96 SDS OO. 63.2) 2.10 $8...26, 05 32 549 
8-9 8.0 oe 229 28 20 7a 0.36 9 164 9. 71. 2) See AS E727 
9-10 7.9 See 2.2 3 22 07 (4.4 9.24. 69 Ls 369.38. 08 43.245 

No Gampanion Profile iO ING Ge 

a | 
O-] 26 pee 4 49 COT Aue Oy Cems Olive o L. dee tele Dl. my Le ogg 
1-2 ee) O59 4.8 38 oe? oe ok OolO Bs 20 wend sD pos) Bis BD 
2-3 728 “ad ores) 45 20.00 ew 14.00 0.44 LoS ard «4 38.00 
anh ee LEAS 4.0 ok 26.03 — 24. Si ee ee OD oe le ES 2ST «4 S667 
4~5 foo 4.6 aE) 57 Pig 8: Mieke) ls 27,4) Oy, 53 pS bs ae a idea 
57 8.0 6.0 oe 41 Poewoew lef) 53.06 0.49 5.37 Liv 105.37 
6~% Spek faye o.9 ay 260 3D, BG. 15 55.19. 00, Ay 5 DOs OSL. 5442910... 96 
7~B res” jas iS Do 25 05,24. SL, 269209, 9. 99 168. 02. 27 127.64 
8-9 7.9 7Q 1a .2 58 Bo OG, a). 52 75 ee 187 ¢. 16-81, Ae 4421.58 
9-10 Poo 7.0 20.6 59 235 90. 96 0. 34 dL see OSL. O2 2 sibs 1486 93.90 

Ca 2% 
On] 8.1 260 Dee: a3 ee 6.98 Ore ge Oo ae ok ep 9S. Oo ya gem 
1-2 Lae Oe) Pie 49 Dead 2.36 Oreo allstul on Le Gig: o 6412 Sige? 
2-3 see a. 0 7.3 49 The eh ee A 8 57.90 40.61 . 4.08 . 1.84 81.02 
3-4 Ose ie ee 16.2 33 Ieee, Sees 204.00 8285 12:36 2.00 156.00 

Ca 2G 
Ont ee) 0.8 o.9 46 6.74 8.76 eS), gOS oy De Od oo Od 21.63 
lw 8.4 0.8 1.0.0 46 1.95 Pes) Oe Gite a 1430 oo 00 9.15.65 
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Table 8. (Continued) 


Saturation Extract 


Profile a aaa aa 
and | Elect. ; 
valle pH Cond. SAR Sat "n. ages Guo. ps en 
(feet) (paste) (mmhos/cm) (Z) Ca Mg Na R Cl eee) 
Cg i 
Or1 yes eS ASS 64 freee Or O80 0,78 “1.4130 7297 13528 
1-2 ise 2.9 Se] 61 TAO) Pag 98S O86. § 3.2614 73-03. 35.08 
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Table 9. Chloride concentration ratios in saturation extracts from irrigated 
soils established under local water management practices, Powder 


River area, Montana. 


(Cl). at 0-1 foot (Cl). at 0-1 foot 
; tS oy Ce ED cer ee A 
pate Bepagts (Cl de at 3-5 feet2 (CL hie at 36 feet 
geal 0.54 O52 
we le rainfall only 0.56 0.33 
Jeg 4 Os 52 0.44 
Jg 4C rainfall only O79 0.40 
Je 5 0.43 0.34 
Jal 0.63 0.38 
Ja 7C 0.19 OES 
Rm 1 0.52 0.16 
Rm 1C rainfall only O29 O.15 
Rm 2 irregular Cl distribution 0.98 0.75 
Rm 2C rainfall only 0.19 0.07 
Ra 1 0.30 OQ. 10 
Ra. 2 0.66 O22 
Ra 2C rainfall only O63 O533 
Ra 0.44 0.44 
Ra 4 0. 36 0.36 
Rg 4 0.43 0.15 
Rg 6 0.80 0.45 
Re 7 0.90 ~- 
Rg 8 0.89 0.47 
Qa 1 0.78 0.16 
Cg 2 0.89 0,25 


1 = The one-foot layer with highest chloride ion concentration below a depth of 


Gu meetr 


9 = Mean of the 3 to 4 and 4 to 5 feet layers where available. 
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5 feet, followed by other sharp raises in SAR to 27 and 43 below that. Only the 
surface foot of soil is free from sodicity problems. This indicates that grass 
roots can be established and a pasture maintained under good water and salt 
Management but the effects of sodic subsoil at a depth of 1 foot on pasture 
productivity will be very noticeable. 
: The calcium and sulfate concentrations further indicate that Jg 2 contains 
free gypsum all through, whereas the upper part of the field does not contain 
any precipitated gypsum. The water relationships there are satisfactory, 
whereas those of Jg 2 are probably obstructed at a depth of 1 foot. This 
situation is further exemplified by the sharp increase in chlorides at 1 foot 
depth in Jg 2. The chloride content drops again below a depth of 3-4 feet 
which indicates a small amount of downward movement of water through the 
profile, perhaps combined with an upward movement of salts by capillary rise 
from a groundwater table at certain times. The profile shows a balance between 
downward and upward movement of water and salts which results at present in a 
precarious 1 foot clearance from salts and sodicity at the surface of profile Jg 2. 
Profile Jg 3 was sampled only to a depth of 44 feet but the evidence within 
this depth points to an identical situation as in Jg 2. Both soils show strong 
accumulation of chlorides with a maximum in the main rooting zone which is 
followed by a decrease in chloride contents in the deeper substrata. The 
@ondition is evident from the chloride content ratio of the soil layers shown 
in Table 10. 
: Profile Jg 5 shows a less extreme picture. The saturation extract enters 
{nto the saline area at 2 feet depth and remains at the same level to the full 
depth of sampling (6 feet). The soil solution at field capacity would be 
approximately EC = 8 mmhos/cm. The SAR increases with depth but does not 
assume problematic levels. The cation and anion distributions indicate gypsum 
precipitation below 2 feet and calcium carbonate precipitation from the surface 
down. The chloride distribution is at a uniform, low level which suggests 
data teetouy downward movement of water (Table 8). The chloride ratios shown 
{n Table 9 reflect moderate accumulation at depth. This profile has somewhat 
dourcer textures in the subsurface and subsoil layers than the other 2 sites 
in the lower portion of the field and has a deeper subsoil consisting of loose 
one This would explainthe observed difference. It is assumed that similarly 
coarse and coarser textures will tend to occur closer to the sandstone out- 


crops. However, whatever is the distribution of profiles such as Jg 5 in the 
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Table 10. Chloride concentration ratios in saturation extracts from 
irrigated soils which have a layer of maximum chloride ion 


accumulation at a certain depth in the profile (Type 2). 


Depth to Maximum (CL). at 0-1 foot (Cl). Maximum 

Sa te Cl Concentration ee Ie OR Se Je 

(Cl~) Maximum (Cl). 36 feet 

(feet) Ss Ss 
Jg 2 142 0.08 31.44 
Jg 3 225 0.08 = 
Je 5c 1-2 0.23 5.65 
Ja 2 3-4 0243 3.40 
ta 3 OSD 0.44 1.25 
Ja 5 ee) 0.10 11.75 
Ja 5,6C 2=3 O22 ceri 
Ja 6 3-4 0.22 2.20 
Ja 6,8C ee 0.19 5.61 
Sa7 We 0.18 3.60 
Ja 8 eG) G22 “1.90 
Ra 3C 3-4 Gy 5.14 
Ra 4C ca 0.06 16.83 
Rg l pe5 0.44 2.59 
Rg 2 122 0.77 4.29 
Rg 3 435 Orr 3.10 
Rg 5 5-6 0.19 7.98 
Ca 2 3-4 0.18 ae 

Cel 4-5 0.10 2.20 
ca at 3-4 0.08 2.83 


1 = Profile containing 2 separate layers of chloride ion accumulation (Type 4). 
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Haverson soil area, they will be associated with relatively favorable chemical 
and moisture conditions. It is assumed that profiles Jg 2 and Jg 3 are the 
more typical of the Haverson area. Such areas will have difficulty with water 
penetration below the surface layers. There is a possibility that this | 
undesirable condition resulted from consistent under-irrigation of the lower 
portion of the field. It is also possible, however, that the situation 
reflects a natural difference between the two soil areas, the upper one of 
which is more steeply sloping than the other. ~This explanation is supported 
by the chemistry of the unirrigated profile Jg 5 which resembles irrigated 
profiles Jg 2 and 3 rather closely. Regardless of the question as to cause and 
effect, the proper remedy is improved water management to force larger 
quantities of water through the lower sections of the field. Narrow borders 
and large rates of applicaton of irrigation water or perhaps better land 
leveling should bring relatively larger amounts of water to the lower portion 
af the field. This will tend to improve the droughty condition as well as the 
godicity and saline conditions of the subsoils there with time. These 
fesirable effects will be countered to some extent, however, by the occurrence 
of the more permeable Jg 5 profiles because these soils will absorb a relatively 
large share of the additional water applied to the lower areas of the field. 
Any border strip dominated by Jg 5 profiles would not need the described change 
in water management. 

b. The Jurica alfalfa hay area (Ja). 

The alfalfa hay field is entirely located in the Haverson silty clay area 
according to the soil map with the exception of a small section at the southern 
extremity. The latter is a silt loam with fairly coarse subsoil textures below 
a depth of 3-4 feet. Streaks of sandy subsoil occur also further afield in 
northerly direction, i.e., Ja 5 below a depth of 3 feet. Sandy substrata have 
considerable effect on the chemical condition of the profile and on possibilities 
for soil improvement. 

: The choice of sampling sites is biased in favor of the lower portion of the 
field, Profile Ja lis the only site located in the upper portion.  1t 

happens to be a relatively coarse-textured profile with sandy loam below 4 feet. 
This makes comparison between upper and lower portions of the field rather 
difficult. Profile Ja 1 does not have any serious problems with regard to 

water infiltration or downward movement as indicated by low EC values in the 


upper 6 feet of soil, low SAR values, and low chloride concentrations. Signs 
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of presence of salinity are expressed in a build-up of chlorides below 6 feet 
to twice the concentrations occurring in the upper horizons and EC values 
exceeding 4 mmhos. Precipitated gypsum also is present below this depth as 
{ndicated by the high calcium, magnesium and sulfate ion concentrations. The 
present level of salinity in the substrata does not appear to be damaging to 
alfalfa yields. 

Profiles Ja 2 through Ja 8 represent the lower portion of the field. The 
EC values indicate considerable accumulations of soluble salts at a shallow 
depth in the soil (Table 8). The saturation extract of the soil is saline at 
all sites from the second foot down. Some of the values are high enough to 
materially affect production of corn, alfalfa, and some grass legume pasture 
mixtures. The laboratory data for profile Ja 4 show an unusual vertical distri- 
pution of salts and exchangeable cations between the first and second foot of 
Boil. It is assumed here that the first and second sample (Lab. Nos. 7267 
and 7268) at this site have been inadvertently exchanged in the laboratory. 

The chloride concentrations are relatively high and show a several fold 
increase below a depth of 1 foot (Table 8). The maximum accumulation of 
ehlorides occurs within the main rooting zone between 1 and 4 feet deep and 
rhe ratios of chloride contents of the surface layer to that of maximum 
Rediuwiae ton vary from 0.44 to 0.10 (Table 10). They suggest a seriously 
impeded downward movement of water and salts. SAR values also are up sharply 
at 1 foot and generally keep on rising gradually with increasing depth. The 
pouion and anion concentrations indicate that gypsum and lime precipitation 
pecur below a 12-inch depth or even in the surface soil (Site Ja 3). The 
presence of free gypsum assists in suppressing the soil pH which otherwise 
might rise to higher values. 

A Profile Ja 2 is an exception to most of these observation. It represents 
Haverson silt loam and therefore has coarser textures. An increase in chlorides 
and salinity occurs somewhat deeper at 3-foot depth and precipitation of gypsum 
begins at 4 feet. Such sandy areas have fewer problems with downward water 
movement than the area in general. 

The companion profiles Ja 5,6C and Ja 6,8C, which have not been irrigated, 
have a chemical condition which is very similar to that of soil after 30 years 
be irrigation. The EC and SAR values of profile Ja 6,8C below the surface are 
even higher than those of the irrigated land. This suggests that the irrigation 


practices and water quality used have not resulted in much deterioration or 
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improvement of soil conditions. Companion profile Ja 7C is located upslope 
from the irrigated area. Salinity does not appear in this soil to a depth of 
§ feet and sodicity occurs only below 8 feet. The chloride ion distribution 
shows an accumulation below 3 feet where also gypsum precipitation took place. 
If this profile were taken as a standard for the original, unirrigated 
condition of the land, it would appear that considerable deterioration has 
occurred under irrigation. Land use observations in the area suggest that the 
alfalfa stand has suffered in the lower portion of the field which has 
undesirable chemical characteristics in the subsoil. The problem seems to be 
yelated to lack of available moisture in the soil. The cause of this droughty- 
fess is the physical condition of the soil. Water penetration and internal 
drainage are slow due to the near sodic condition of the subsoil. Under- 
irrigation or lack of penetration in certain parts of the field would have the 
game final result, namely droughtyness and further deterioration of the soil. 
Future management will need to emphasize either applicaton of larger quantities 
Af water or a better distribution over the field. 

c. The Randall alfalfa hay field (Rm). 

The irrigated hay field is situated on Heldt silty clay loam. Interpretation 
of chemical analyses shows that part of the irrigated area has satisfactory 
downward movement of water (Profile Rm 2). The chloride ion concentration is low 
and fairly uniform (Table 8). No build-up of sodium occurs in any part of the 
mosuve. There is some salinity below a depth of 4 feet but the concentrations 
are not limiting to alfalfa production. Profile Rm 1 is somewhat less favorable. 
Fhe soil extract is saline below 3 feet and the concentrations increase with 
depth. Below a depth of 6 feet, ort salinity and exchangeable sodium are 
High (Table 8). This condition has’a disturbing effect on the water relation- 
ships of the soil. The gradual increase in chloride ion concentration from the 
surface to the bottom of the profile is further evidence of slow water penetration 
i the subsoil. Although the portion of the field which is represented by Rm 1 
needs improved leaching, 5 feet of soil remain relatively problem free. This 
is sufficient for the present but care should be taken that the subsoil 
conditions are not raised to the surface. 

The companion profiles represent a different soil series and, therefore, 
cannot be directly compared. Also, it seems that soil sample numbers 7629 and 
7630 may have been misplaced in the laboratory. However, it is safe to state 


that on unirrigated land nearby, the subsoil sulinity occurs closer to the 
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surface than under irrigation, but sodicity has not developed to the same degree 
as in the lower portion of Profile Rm 1. The ratios of chlorides in soil extracts 
from surface to lower rooting zone (3-5 feet) for all 4 Rm profiles are 

presented in Table 9. The values indicate 5 fold differences in chloride 
accumulation among profiles at 3-5 feet depth and even larger differences in 
deeper substrata. The situation warrants more attention to proper water 
Management and increased leaching fractions. 


d. The Randall alfalfa-grass hay field (Ra). 
The alfalfa-grass hay area at the Randall Farm is made up of 3 soil types. 


The upper portion is Haverson silty clay loam with slopes up to 2%. This is 
followed by Heldt silty clay loam and finally Haverson silt loam closer to the 
Powder River and back up along small creek channels. Although the Haverson silt 
loam generally is more coarse-structured than the Heldt and Haverson silty clay 
areas, the 2 Profiles Ra 3 and Ra 4 sampled in the Haverson silt loam area are 
equally fine textured as the others to depths of 2 and 6 feet, respectively. 
Below that, however, they are relatively coarse-textured. Their accompanying 
conductivity profiles show absence of salinity (Table 8) whereas those located 

in the upper part of the field have relatively fine-textured substrata and a 
gradual build-up of salinity in downward direction with a high peak in the 

Sub Stascaeau (Rane) wand 2) embnemsa tittaa Elon extbact, of Prof tle: Ra de enters the saline 
category at 3 feet and Ra 2 at 2 feet. The SAR values indicate a sodic condition 
between 7 and 10-foot depth in Ra 1 and 6 to 10 feet in Ra 2. The chloride and 
sulfate concentrations indicate a restricted downward water movement and pre- 
cipitation of lime and gypsum below 2 feet in both profiles. It is to be 
anticipated that the wild flooding practices will have caused differences in 
salinity and other ephemeral soil conditions over short distances because the 
depth of water applied with this method varies from one area to another. 

The unirrigated companion Profiles Ra 3C and Ra 4C are much more coarse- 
textured than their irrigated counterparts. Their chemistry is, therefore, 
hardly comparable. Despite its coarse texture, Profile Ra 4C shows a high- 
salinity bulge between 1 and 3 feet below the surface. This is borne out by 
the electrical conductivity as well as the chloride concentration data (Tables 8 
and 10). The salinity increases generally in an upward direction to a peak 
occurring at a depth of 2 to 3 feet. The situation can be explained by 
capillary rise in upward direction of water from a high water table and some 


seasonal downward movement of salts in the upper 1 foot of soil under the 
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influence of rainfall. The adsorbed sodium which is not quite so readily moved 
by water peaks between 5 and 6 feet deep in Ra 4C. Profile Ra 3C also shows a 
balance between upward and downward salt movement with a maximum salt content 
between 4 and 5 feet. 

The chemical composition of companion Profile Ra 1C follows the irrigated 
site Ra 1 fairly closely to a depth of 5 feet. Coarse sandy textures appear 
below this depth and are correlated with a sharp reduction in salinity and 
sodicity compared with Ra 1. The textural profile of Ra 2C is not comparable 
with that of Ra 2. High ground water tables would result in upward movement of 
salts which is difficult to correct by improved leaching fractions and other 
water management factors. Despite the differences in profile characteristics, 
the vertical distribution of salts is comparable with that of Ra 2 (Table 8) 
and the chloride accumulation ratios for both profiles are about the same (Table 9). 

e. Randall grass hay fields (Rg). 

Most of the area consists of Haverson silty clays and silty clay loams. 
Saline soils occur at the upper end of the fields immediately below the 
terrace escarpments and valley sides. Some of them are mapped as saline Haverson 
soils. Normal Haverson soils with clay loam and silty clay loam surface textures 
take their place toward the Powder River. Salinity and sodicity in these soils 
are confined to the subsoil but the degree to which the profiles are affected 
and the depth of overlying soil to the affected layers varies rather widely. 

Profiles Rg 1, 2 and 5 are located in the» upper part of the fields near 
the valley slopes and are most affected by salts. Profile Rg 2 is a saline- 
sodic soil from the surface down as shown by the high values for electrical 
conductivity and sodium adsorption ratios (Table 8). Also the chlorides are 
heavily concentrated in the upper five feet of the soil. The companion profile 
of Rg 2,which is located in the unirrigated area to the north, is affected by 
salinity and sodicity to almost the same degree. This indicates that the 
unfavorable soil characteristics are not necessarily caused by irrigation 
although the irrigation practices used certainly have not improved the condition 
of the soil over the last 25 years. Profile Rg 1 is salt-affected below 12 inches. 
The peak values of conductivity, SAR and chlorides occur in the third foot of 
soil. Soil and water management practices will decide whether the salts will rise 
closer to the surface or be leached down. The saturation extract of Rg 5 is 
saline below 12 inches but is not as severely affected as the previous profiles. 


The SAR values and chloride concentrations increase with depth. Calcium 
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carbonate and gypsum precipitation has occurred but has not raised the SAR 

of the saturated soil into the sodic category. The chloride concentrations 
showa peak at 5 to 6 feet. Water movement through the soil is severely 
restricted. It will be slow in absorbing water during irrigation and returning 
quickly to a droughty condition. 

Profile Rg 3 is in poor condition. The difference with saline-sodic 
Profile Rg 2 is in the surface 12 inches of as yet unaffected soil which overlies 
the site. Profiles Rg 1, 2, 3, and 5 all belong to the salinity Type 2 which 
is characterized by maximum chloride accumulation within the rooting zone. The 
depth of maximum chloride accumulation and ratios with chloride contents of 
layers above and below it are presented in Table 10. Rg 4 has a larger depth of 
good soil than Rg 3. The saturation extract is saline below 5 feet and 
marginal between 3 and 5 feet deep. The profile is not seriously affected by 
sodicity. There is a strong accumulation of chlorides down the profile but 
the condition is not as severe as at the previous site, Water infiltration at 
the surface should be satisfactory and there is downward percolation of water. 
The electrical conductivity of Profile Re 6 is rather similar to Rg 4 but the 
SAR values are lower and the chloride distribution is more favorable. The 
profile is fairly permeable to water. 

The southern extremity of the area with profiles 7 and 8 is relatively 
free from salts. Both soils are coarse textured below the surface layer. Their 
chemistry suggest no particular problem related to salts. Sites Rg 4, 6, 7, 
and 8 belong to salinity profile Type 1. The chloride ratios of surface layer 
to the deeper root zone at 3-5 feet vary between 0.43 and 0.90 (Table 9). 

f. The Cook alfalfa and alfalfa-grass area (Ca). 


The area consists of silty clay loam of the Heldt and Haverson series, 
Both soils contain considerable amounts of salt in the subsoil and have a 
gradual increase in adsorbed sodium with depth. The Heldt soil (Ca 1) is 
saline below 3 feet and shows a sudden increase in chlorides at a depth of 5 
feet which indicates an obstruction in vertical water movement. A sodic 
condition occurs only in the substrata at a depth of 9 feet. The Haverson soil 
shows salt accumulation at 2 feet, a sodic subsoil at 3 feet and a rapid 
accumulation of chlorides in the first 4 feet of the profile, suggesting a 
seasonal water table at shallow depth. Both soils contain precipitated 
calcium carbonate and gypsum below the 2-foot depth. Ca 1 remains in the 
category of normal salinity profile Type 1 (Table 9), whereas Ca 2 falls in 


Type 2 with much greater accumulation of chlorides at 3-4 feet deep (Table 10). 
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g. The Cook grass hay area (Cg). 

The upper portion of the area is mapped as Heldt silty clay loam whereas 
the lower portions adjoining the Powder River are Haverson silty clay loam and 
silty clay types. All sample profiles are relatively coarse textured. Cg l 
consists largely of sandy loam below 3 feet of silty clay loam. The saturation 
extract is saline below this 3-foot layer and the salt and chloride profiles 
huild up further with depth. The SAR increases to a depth of 5 feet and becomes 
insignificantly low below that. Profile Cg 2 is coarse-textured to a depth of 
7 feet which is atypical for the mapping unit. This portion of the profile is 
free of salts but displays a sodic condition in the subsurface layer between 
1 and 3 feet. There is also a chloride accumulation at this depth (Table 8). 
The unirrigated companion profile Cg 2 is equally coarse textured and practically 
free of salts. 

Sampling site Cg 3 in Heldt soil is coarse-textured to a depth of 5 feet 
and is free of salts and alkali to this depth. Below this, the salts accumulate 
to a borderline salinity level, precipitated calcium carbonate and gypsum are 
found, and the chloride ion distribution shows a sudden increase. The companion 
profiles were not sampled to a sufficient depth to verify these trends under 
inirrigated conditions. Profiles Cg 1 and 3 are classified as salinity Type 2 
due to large accumulation of chlorides within the rooting zone (Table 10). 
rosie Cg 2 shows much less chloride accumulation and belongs to salinity 
Type 1 (Table 9). 

: 2. The area in general. 

The area is characterized by salt-affected soils. The various soil types 
differ in the degree of development of salinity- and sodicity-related features, 
but the associated problems for irrigated agricultural production exist and could 
be aggravated if ignored. At the present time, the undesirable soil conditions 
qre largely underground and confined to the subsoil or deeper substrata. It is 
Moneidered possible to gradually improve the soil conditions to the point where 
productivity is not restricted but careful management of soil and water will be 
necessary to make progress. The land contains large amounts of salts and the 
water quality of the streams, therefore, is in balance with the condition of 
the land and also less than optimal. The salt content of the water varies 
widely during the season and between seasons, It is highly desirable to make 
use of these fluctuations whenever possible by timing irrigations so as to avoid 


salinity peaks of the water. 
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The distinction between normal profiles (Type 1) and those with a 
Maximum accumulation of chlorides in the rooting zone (Type 2) is defined on 
3 criteria in this study: 
a. the relative concentration between the surface layer and that of 
maximum accumulation, 
b. the depth of maximum accumulation, and 
c. absolute concentration of chlorides in the rooting zone. 
Type 2 are soils with a 3.33X or more relative concentration of chlorides 
between the surface and the layer of maximum accumulation, provided the 
Maximum occurs within a depth of 6 feet and including all profiles containing 
more than 5 milliequivalents per liter of chlorides in the saturation extract 
within a depth of 5 feet. All soils with a maximum accumulation of chlorides 
jn the second foot below the surface belong to Type 2 (bulge). Those with 
maximum chloride accumulation between 2 and 3 feet deep are Type 2 also with 
few exceptions. When the maximum occurs between 4 and 6 feet, the soil may 
be classified in either category. Most -profiles with a maximum below 6 feet 
belong to the leached groups except those with high chloride coricentrations. 
It appears from the data presented in Table 11 that in irrigated soils, 
the chloride accumulation factor in saturated extracts of the surface layer 
and that of maximum accumulation at whatever depth it may occur, is larger for 
Type 2 than for Type 1 profiles. The mean value for Type 2 is 6.33X whereas that 
for Type 1 is 3.76X. This means that the chloride accumulation in Type 2 soils 
occurs not only at a shallower depth but also is greater. The mean accumulation 
factor for Type 1 profiles at 3-5 feet is 1.86X (calculated from Table 9). This 
value is more comparable with that of Type 2 at the same depth in the root 
zone and further accentuates the difference between Type 1 and 2 profiles. 
) According to this profile salinity classification, the majority of the 
sampling sites belongs to Type 2 which is indicative of impeded internal 
drainage and unsatisfactory penetration of irrigation water into subsurface 
layers. The bulging profiles of Type 2 may be caused by high seasonal ground 
water tables in some instances. Under such conditions the chemistry of the 
soil would tend to improve gradually upon permanent lowering of the high water 
table. More commonly, the concentration of chlorides in the profile is related 
to insufficient watering whereby salts accumulate in the rooting zone and to 
a sodicity problem whereby the relatively high abundance of sodium on the 
pre hance complex causes swelling of the soil and greatly reduced downward 


percolation of the water. 
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Site 
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Chloride concentration factors in saturation extracts of soils in 


the Powder River Valley area. 


Type of Profile 
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Table 11. (Continued). 


Site Type of Profile Depth of Maximum (Cl), (Cl). at Maximum 
(feet) (I), at Surface 
Ra l 1 73 9.40 
Ra 1C 1 3-4 2.99 
Ra 2 1 6-7 3.96 
Ra 2C ih pee 2.93 
Ra 3 i 4-5 3.07 
Ra 3C 2 3-4 8.81 
Ra 4 i, 4-5 Selly? 
Ra AC 2 nag 16.10 
Re 1 2 2-4 228" 
Re 2 2 22 2.22°* 
Rg 2C 2 2-3 266°" 
Re 3 2 4-5 . S68 
Rg 4 1 7-8 6.58 
Re 5 2 5-6 5.21 
Re 6 l 8-9 2.23 
Re 7 1 5-6 1.75 
Re 8 i 8-9 a, 0 
Ca l 1 8-9 6.36 
Ca 2 2 3-4 5.69 
Rg 1 2 4-5 9.72 
Cg 2 1 8-9 4.08 
Gg 2c A 3-4 1.84 
Cg 3 2 3-4 13.47 
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Although more than one-half of the sampling sites occurred in Type 2 
soils, the number of Type 1 profiles with normal chloride distribution and the 
pulging Type 2 are about equal when excluding the unirrigated companion sites. 
From further inspection; it is believed" that the’areal extent of properly 
jeached soils of Type 1 dominates in the study area. Interpretation of the 
soil map and evaluation of sampling site locations led to the estimation that 
60 percent of the grassland and 66 percent of the area under alfalfa in the 
area under investigation consist of Type 1 soils. That is, Type 1 soils 
dominate most areas with the exception of the alfalfa field at Jurica's ranch 
and the grassland on Cook's property where Type 1 soils may comprise less than 
ane-third of the total area. The distribution of Type 1 and 2 soils does not 
appear to be related to the Heldt and Haverson taxonomic series. Instead, it 
seems that both categories occur in a pattern in most fields. This means that 
fownward moving irrigation water which meets an obstruction in Type 2 soil will 
percolate through nearby Type 1 sites instead. With time, this will further 
aggravate the condition of Type 2 profiles because most of the irrigation water 
applied is absorbed by Type 1 soil. Any water applied as extra leaching fraction 
Wilth*eend to-leach the soils which need it ‘Tess. 
| The distinction between Type 1 and 2 salinity profiles although of a 
ephermeral nature, is considered of major importance for irrigation water 
Management and crop production potentialities in the area; more so than 
differences among taxonomic soil units. It is proposed the Type 1 salinity 
profiles be considered the most common soil in the area with reference to 
auaiae tive No, 2 of this study and Type 2 the soil with most severe limitations 
for irrigated agricultural production. 

3. Leaching fractions deduced from chloride ion concentrations in soils 
and irrigation water. 

The salt content of soil moisture at fietd capacity (FC) represents the 
environment of plant roots more closely than saturation extracts. For this 
reason, the electrical conductivity (EC), sodium adsorption ratios (SAR) and 
chloride ion concentrations were converted to field capacity conditions. Actual 
field capacity measurements were not available so that it was necessary to 
Regie a relationship between the moisture contents at saturation and field 
capacity. Such a relationship was work out by Lonkerd and Donovan for some 


soils in California similar in texture to those along the Powder River. 


luonkerd, W. E. and T. J. Donovan. Unpublished data. 
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The EC, SAR, and chloride ion concentrations so derived were used to 
calculate leaching percentages, concentration factors and predicted SAR of the 
soil solution. The results are presented in Tables 12, 13, and 14. 

a. - Chloride content of irrigation water. 

The best estimates of the long-term average chloride contents of the 
Powder River at Broadus for the months of May, July, and September are 1.09, 
1.22 and 0.69 milliequivalents per liter. Assuming that the first irrigation 
is applied during May, its average chloride content will be 1.09 meq/L. This 
value is used in calculations relating to fields which are irrigated once 
during the growing season. The mean of 1.09 and 1.22 meq/L (1.16 meq/L) is 
applied to fields receiving 2 irrigations per season and the general mean of 


1.00 meq/L to 3 'irrigations per years 


b. Chloride balance between irrigation water and soil profile. 

Irrigation with water of a certain average quality during a number of years 
brings the soil in equilibrium with the composition of the water. The ratio of 
the chloride contents of the irrigation water to that of the soil moisture near 
the bottom of the rooting zone represents the leaching fraction as explained 
earlier. The data of Table 13 were calculated in this manner for Type 1 profiles 
at each of the 3 average water qualities and 3 depths in the profile. The 3-foot 
depth applies to grassland on the assumption that 3 feet is the effective 
reoting depth of the grass species,;used for, extracting,moisture. The mean of the 
4th and 5th foot of soil is selected to reflect the depth of rooting of alfalfa 
under less than optimal conditions Values are calculated for all water 
qualities although each field is subjected to only one moisture regime in 
practice. The mean effective leaching fractions for Type 1 soils under long 
term use of irrigation water containing 1.09 meq/L of chlorides is 0.41 at 
3 feet of depth. The leaching fraction decreases to 0.31 at the 4 to 5-foot 
depth and to 0.22 when considering deeper substrata. 

Table 14 contains similar leaching fractions for Type 2 profiles considering 
the depth of soil to maximum chloride accumulation. All values are much lower 
than those for Type 1 soils and have a mean of 0.05. This illustrates 
adequately the difficulties involved in leaching Type 2 profiles occurring in 


a pattern with Type 1 soils. 
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* = Possible error in Cl data. 


Continued. 


able 


Leaching percentages (LP) and concentration factors (CF) calculated 
from Cl and EC analyses and calculated and predicted SAR of soil 


solution (drainage water, dw). 


Predicted 
LPay LP Ec CF CF ec SAR SAR A 
20.9 68.0 3:13 1.47 5.3 5.3 
34.8 87.0 2.87 1.25 6.7 
a8 1 68.5 3.99 1.46 735 
i197 58.1 5.66 4.92 7:3 
4.87 1.36 6.6 rie 
4.38 4.20 o: 5 
4.69 7:40 6.3 6.4 
3.64 1.24 6.0 
2.30 1.07 5.8 
33.0 14.0 5.86 7312 8.1 8.8 
D3 8.3 76.61* 12.08 23:9 43.6 
¢.2 R22 45.77 13.88 29.3 33.0 
12:76 10.61 21.9 
2.15 10.83 2723 
1.83 14.91 37.6 
2.08 19.40 42.0 4.1 
1.49 12.44 37.2 
7}, 80 10.82 58.0 
a, 2h 8.27 55.5 
44.4 81.3 25 £:274 ¥:5 4.6 
Py 8.4 26.90 11.89 26.1 26.7 
2.8 7.6 35.53 13.14 32.7 
9.81 10.95 27 4 
40.3 ee 2. 4a 1.36 5.3 4.5 
43.7 100.0 2.29 1.00 6.4 
41.5 86.2 2.41 1.16 5.6 
32.6 83.3 3.09 £20 6.7 
218 48.1 4.58 2.08 8.0 
18.8 37.5 5.33 3217 e.2 se 
3.29 2.45 ye 
2.94 1.99 P39 
70.9 73.0 1.41 ik. 3 5.2 5 
34.0 Cero 2.94 1.92 ia 
39.1 21.8 2.56 4.58 5.2 
51.8 202 1.93 4.95 6.3 
21.5 22.5 3.63 bs 37 1253 6.6 
ie 3.29 3.95 14.4 


= Minimum LP and maximum CF. 
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Table 12. (Continued) 


Profile 
and Predicted 
Depth LPoy LPic CFay CFic SAR A SAR. 
(feet) 
Ja ve 
O-1 Helen, —— 1.88 <i 29 Shela 
1-2 WD, -— pee =a) 4.9 4.4 
2-3 68.5 Sis L246 12283 DaiG 
3-4 29.0 Pale 2 3.45 eye ve sey Go2 
4-5 424 6201 2 62 SW: 
5-6 Bish BYSIO tS. Zo leg VAG, 5.9 
6-7 36.8 2 OR rh 4.94 INAS 
7-8 Ira -- Selo, 3283 ree Sez 
8-9 3.44 Te 4.9 
9-10 3.638 S164 Si! 
JanZ 
0-1 S14 -- Seite <1 3.0 Bee 
1-2 38.3 -- Pies oly <] 5.0 Bypull 
2-3 34.0 46.9 2.94 Palle, toe? 
3-4 NO 26.29 9925 3280 7:6 L370 
4-5 16.4 46. 1 (Oreildl Zenley Dk 
5-6 1.90 Tigege 3S 
6-7 13 Ibyeak 563 5.84 5<0 
7-8 AS 5.03 3.35 
8-9 2.86 a 5S 
Jaa 
0-1 DOs 29.9 4.91 3235 LOST 7.4 
1-2 9.6 10.8 10.45 F923 L534 
2-3 1020 9.7 10.00 LOM2S NO. LS 
3-4 Ese IT G.92 POee 
4-5 ibe dlss: Seo 26:5 
5-6 9.49 16205 Zee s 
6-7 8°43 £7794 28.8 
7-8 Nese ni) Se 58 2720 
8-9 9.64 {Sy 29.0 12-6 
9-10 6.88 10.61 22.20 
wa 
O-1 ORee 35 in 5.48 26 OF 9:55 Ge 
1-2 (Ou D 9.6 ey. SL LO s9 52 Heyes Ak 
2-3 6.4 8.8 13-67 11.41 18.9 iS 
3-4 7.90 Teas: 1.3 
4-5 dliilkeaiie: Hele DOr 
5-6 ae 2 9:25 es 
6-7 9.76 725 Lae, 
7-8 HG ay hd 14.3 
8-9 26 D0 1.49 6.9 
9-10 1.44 1.46 6.5 


* = Probable error in Cl data. 
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Table 12. (Continued) 


Profile 
and Predicted 
Depth LP LP ic CFay CF ic SAR a9 SAR A 
(feet) 
va 5 
0-1 SEW “6, 05 2. DRE NS, 8.0 Be 
1-2 1.62 1 8.91 (ay 3, 6 a7 
2-3 3.8 10.96 26.08 9.42 NPR 24.0 
3-4 3.28 7.095 5,0 
4-5 5.146 SS V8.2 
5-6 8.02 9.02 Ze 
6-7 8.0 8.0 12.50 12.56 29.3 1572 
7-8 10.36 7.41 16.8 
8-9 1 #62 2.66 1e/. 
Ja 6 
0-1 a SalGae 700 1.95 6.9 10.4 
1-2 6.5. AES ik Sens 7.95 L.A 
2-3 Soak 7.04 ARE 20.6 
3-4 Zs 0 39.7 1* 13 a. 23.48 
4-5 es 18,47 AWA 8, ZG L937 
5-6 Ikea e 2.78 29.2 
6-7 19.76 NO).192 ey 
7-8 1 29 (yi: 28.9 
a 7 
0-1 26.2 48o1 te 2.08 Po 6.3 
1-2 ct 18 by ae 6.49 res 18.9 
2-3 11.99 4 20 ag 8, 
3-4 442 0.107 8.8 
4-5 4.91 6.10 -- 
5-6 Bro4 OL 22 16.6 
6-7 5.48 9.74 aE. 
7-8 6245 15.08 22.3 
8-9 5. Oo Mee ih@ PSs: 8.8 
9-10 plu) 15556 292 
Ja 8 
O-1 13.9 eis pe) 5.26 2.60 7.9 8.0 
1-2 eed ils # NS 8.56 Kola: OL 
2-3 oO 16.68 pe ee 21.4 Loa 
3-4 Syoals: 9.06 20.1 
4-5 6.76 8.47 20.5 
5-6 10.78 11.44 224 
6-7 MZ ay MOm 22 feed 14.8 
7-8 12.07 Fi53 28k 
8-9 fo ypatly 9.86 L876 
9-10 7270 LO. 2 20.4 


* = Probable error in Cl data. 
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Table 12. (Continued) 


Profile 
and Predicted 
Repth LPoy LPac CF, CFic SAR 4 SAR. 
(feet) 
Rm 1 
0-1 36.0 52.9 Ze 1.89 4.8 4.6 
1-2 32.4 56.8 3.09 E16 4.4 
2-3 28.9 48.8 3.46 AOS 3.6 
3-4 USERS: 20.4 61.32 4.89 4.0 8.8 
4-5 28.4 ANS og GF 51.34 Be 
5-6 Lone Woes 5.08 USF? 20.8 
6-7 16. 2 Deo. 6019 18273 28.6 
7-8 NS dh 6.1 Ses OF R63 Died 
8-9 6.7 6,3 14.83 ES Silt DS ene es 
9-10 8 Dall 14.60 L7aou Dilke D 
Rm 2 
O-1 64.9 76.9 oA Pe30 Ey 
1-2 G7 88.5 162 alias Dell 
2-3 F300 91.7 145, BY) 409 Deve 
3-4 Sle 68.0 1.96 47 Jer a4 
4-5 —= Bye ls << 4. 53 (he 
5-6 7.9 L665 eos) 6.06 52 
6-7 Bee 18.9 Davekke Be 228 4.6 
7-8 B5..5 EIKO 5.48 4.5 
8-9 YL28 4.66 4.0 
9-10 AMS 94 6.0 
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Table 12. (Continued) 


Profile 
and Predicted 
Depth LPoy LP ic CFay CFic SAR 4 SAR 4 
(feet) 
Ra 1 
0-1 5400 SG” 1.84 iG rss Sng 35 
1-2 3639 45.2 2 Gale RAN RS, 
2-3 8550 ADE, 3.00 4.99 4.6 
3-4 29.4 16.5 3.40 oy ak 4.8 Se 
4-5 Wo i Use iL 7.89 7.64 728 
5-6 bye) Hoss Te O2 126 16n2 1S) 5 
6-7 =o -—- == meas -—- 
7-8 4.5 6.0 22045 i 3 24.3 PM ts 
8-9 L561 TS 07) 25:26 
9-10 Say P24 265.0 
Ra 2 
O-1 35.0 Be ot PL Sb 1.84 An 2. A? 
1-2 B10 1831 Pa ioih L428 4.8 
2-3 16.4 6.4 6.09 6.09 Dine. 
3-4 23.6 VA 2 Ay 2S TO 1,0 6.2 
4-5 Vijig ss 16.4 4.53 6.09 8.9 
5-6 14.9 alas, 6.2 Seow iv .9g 
6-7 VIB) 8.0 TORO, 12.54 22 realt Lao 
7-8 10.5 (4 9.54 16,62 O20 al 
8-9 qT 6.0 2 TO 16.59 Oras 
9-10 8.85 LOaZO AU 
Ra 3 
0-1 GWEN AL TLD Datel Is Ske! 304 358 
1-2 30.0 59.9 Sa sie etoy 4.4 
2-3 36.6 Wooo Duval 3 lag Sy oS) 
3-4 DO sie Asie S 3597, 2103 Bett 
4-5 st a 40.5 6.78 2.47 6.0 Oye 
5-6 28.5 58.8 3.401; io Base 
6-7 19.6 39.8 50 Pe oye 6.5 Dae) 
7-8 39.5 4.74 Za5 6,..0) 
8-9 Doe ft 2 ge DO 
9-10 Bye ke) BANS 3.8 
Ra 4 
0-1 65.4 Wloo 3 jae Sys! ee oul De Dae 
1-2 40.0 Wen Me 2250 1.2) B55) 
2-3 Zones Dee 4.08 1.81 Ne ib 
3-4 29.33 Tava a4 136 4.0 
4-5 ZUG TAA 4 62 1.40 Bid 6.6 
5-6 54.3 345 aoe 4.8 
6-7 50.0 22.6 ZaAOG BypIS. eS 
7-8 3.305 Lee SES 
8-9 3.47 1.78 6.8 Gell 
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Table 12. (Continued) 


Profile 
and Predicted 
Depth LP) LP CF CPi SAR ay SAR oy 
(feet) 

Ree 
0-1 19.4 34.5 D4 LG 259 LO.2 7.9 
1-2 13.9 8.3 7.19 12.09 18.4 9.6 
2-3 8.3 6.6 22410 LSa22 29.43 14.5 
3-4 6.2 6.55 16.14 30.1 
4-5 7e42 9.65 37.6 9.9 
5-6 Bao 4.11 oe ey: 
8-9 2265 5459 30.7 

Rg 2 
O-1 7.4 10.9 13457 9.14 27.4 15.4 
1-2 ed FA 16.84 LO L74 41.2 18.2 
2-3 6.6 4.4 13.22 22659 53.4 
3-4 6.9 3.8 14.41 26.64 73.0 16.5 
4-5 8.80 10.66 68.0 
5-6 2«93 Lia37 120.4 See 
6-7 5.88 23407 415.6 

Rg 2 * 
O-1 EA. L728 8.48 5761 vot 10.2 
1-2 P.O een 14.26 14,12 28.0 
2-3 4.6 5.0 £4 Sowa 19.85 40.4 2153 
3-4 i 4.8 16935 20.95 40.1 

Rg 3 
0-1 3662 41.0 2.74 2.44 7.0 4.2 
1-2 19.0 Le 3 S25 5778 se P28 
2-3 10.9 8.7 prow) 11.56 bt 
3-4 S.2 1053 12714 oF. te.2 
4-5 41 4.8 24.67 20.68 34.0 23.3 
5-6 > 17.93 19.74 a9.2 
6-7 13.88 14.41 29,3 
7-8 10.70 14.23 27.7 18.2 
8-9 6.10 7.48 27.0 
9-10 6.10 6.85 71.3 

Rg 4 
0-1 65.4 60.2 FSS 1.66 i pe 2.9 
1-2 SF..0 PS. 5 ba he £36 5.4 
2-3 38.0 30.8 2763 325 4.8 4.7 
3-4 oP Ae) 25.4 3.08 3593 4.7 
4-5 34.1 24.3 2.93 el 5. 1 See 
5-6 LE.S Le. 3 5.61 Se 7 9 6.9 
6-7 20.2 5.9 4.95 6.29 7.4 
7-8 hu. 3 lle Sed: 8.88 7.64 L0°.5 LP.5 
8-9 D1 587 9.5 
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Table 12. (Continued) 


Profile 
and Predicted 
Depth LP. LF se Fy CF SAR J, SAR, 
(feet) 
Re 5 
Q-1 19.3 a7.3 ee 2.67 6.8 5.9 
¥=2 18.2 20.1 552 4.97 7.6 
2-3 8.5 15.2 1. 6.64 10.3 
3-4 6.2 tA -2 16.50 1.05 19.3 
4-5 4.6 13.9 21.58 Pane 12.0 
5-6 13.8 10.9 25.86% 9.18 12.5 23.8 
6-7 14.47 8.55 13.3 
7-8 9.33 9.34 16.8 
8-9 3.62 4.18 6.2 6.6 
9-10 Xs, 72 3.97 -- 
Rg 6 
0-1 HS. 2 69.9 2 3 1.43 2.9 3.4 
j=? 28.6 A>. 3.50 2.32 3.6 5.3 
2~3 38.2 it pa 2.62 L.285 Dt 
3-4 34.4 26.4 2.91 3.79 2.3 
4-5 39.8 21.8 REN 4.58 2/8 
5-6 42.4 ve Bey 2.36 4.40 3.8 At 
6-7 33.0 a 3.03 4.61 ey 
7-8 24.4 19.0 4.10 5.26 4.4 
8-9 23.0 16.8 4.34 5.97 5.1 z..0 
9-10 Pee 4.47 5.42 Lae 
Re Sf 
Q-1 60.2 60.6 1.66 1.65 D5 3.0 
ie2 552 -- U.S <1 2.9 
2-3 74.1 -- ae <1 9.5 
3-4 ae $3.2 2. V7. 1,88 h.5 4.4 
4-5 58.1 75.6 72 1.32 i OE} 
5-6 280 28.7 3.48 3.48 2.0 5,2 
6-7 L438 <i], 2k 
7-8 1.48 Tal 3.3 
Rg 8 
0-1 45.5 59.2 2.20 1.69 3.0 a2? 
t-2 eee $5.6 2.97 1.80 4.0 
2-3 47.8 68.0 2.09 VA %..5 
3-4 40.3 TH. 2.48 1.35 Suk 
4-5 42.7 76.3 2.34 b.. %..5 4.8 
5-6 41.2 yee 2.43 1.40 3.5 
6-7 Al.2 50.0 2.43 2.00 $3 
7-8 a1. 5 35.8 hes 2079 2.9 
8-9 22.6 25.7 h 42 3.89 3.9 6.5 
9-10 7 2.09 4.05 3.4 


* = Probable error in Cl data - EC closer. 
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Table 12. (Continued) 


Profile 
and Predicted 

Depth LPay LPec CFay CF ec SAR ay SAR aw 
(feet) 

Cal 
0-1 52.4 66.2 ee i de SL 4.6 ae3 
1-2 6751 — 1.49 -- 6.2 
2-3 30.3 3343 1.99 3.00 ae 
3-4 SWAN) bla 46 1,90 ay Wi) oe 5 
4-5 29s 7 16.8 ‘ey 96 8.0 
5-6 13.0 1530 py 6.39 12°38 LO. 
6-7 1L0g3 Lias Oni 1. 8.44 1326 Oe 
7-8 -- 11,4 -- 8.80 Lise 
8-9 lie HOS.o i ee 9.20 20,4 Teed) 
9-10 Od. 4.95 9.34 29.8 

Ga 2 
0-1 392 9502 2029 1205 7.4 6.0 
1-2 26.8 40.8 B75 2545 LO.7 
2-3 15.6 Nays 2. 6.41 5781 WOES 8.8 
3-4 Ja 826 13% 30 158 2344 

Gag ail 
0-1 36.6 46.3 est Ze kG 6.5 3.6 
1-2 14.9 2561 6492 3.99 8.4 
2-3 LG. 4 DRS 6.09 4.65 6.5 
3-4 Se? 2173 1550 4.69 735 10.0 
4-5 pre 20s 7 19.50 4.84 14.4 19.9 
5-6 V2 eg 13.80 8.64 12.4 
6-7 528 9.6 17.19 10.46 1is5 
7-8 9.5 10.42 16,53 14.0 
8-9 Tee 14.53 13.64 10.9 
9-10 10.32 #402 14.2 

Ca 2 
0-1 AG eo OGe 2 2.02 15.16 5.6 4.7 
1-2 bit ie ao 1.83 cf 16.4 
2-3 Doe 2 625.5 4.31 1360 1928 
3-4 Loe -- Deeg <1 6.4 fins 
4-5 1.48 <1 6.8 
5-6 2.29 <1 6.3 
6-7 42.9 3.66 2.33 6, 1 5.9 
7-8 25.6 B22 3.90 a's 0 a5 
8-9 EO) 22.8 ti. 10 439 6.6 
9-10 20.2 Ven 4.80 G2 

C= 3 
O-1 58.5 -- Ey pe <I = es | Be 
1-2 35%6 OF. 20k L.07 5.3 
2-3 Das 80.6 bee b. 28 6.9 
3-4 46.7 68.5 pale 1.46 6.4 4.1 
4-5 28.8 1003 ee ea: a2 
5-6 19.8 22.9 5.06 3.34 Dam 
6-7 9.5 Pa 10.56 465 6.3 
7-8 4. 228 24.25% 4.59 6.6 22.8 
8-9 <a rie 3.99 5.6 


Ee ee 


* = Possible error in Cl data. 
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Table 13. 
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Effective leaching fractions on basis of chloride concentration at 


field capacity established in irrigated soils having generally 


increasing chloride contents with depth under various water quality 


conditions (Type 1) and considering three depths of root development. 


1.09 


ee G23 0.85 
0.28 0.33 0.48 
0.39 033" 0.45 
0.37 0.19 0.79 
0.17 0.04 6.33 
0.21 0.09 @. 16 
0.17 0.20 0.37 
0.24 0.97 0.25 
0.19 0.06 0.29 
0.65 0.50. 0.73 
@. 31 0.11 0.38 
0.35 0022 0.38 
0.46 0.63 oh 
0.38 O.eie + 0.68 
0.36 0.07 0.50 
0.28 0.08 6,23 
Bedi 0.22 ee 


* = To depth of 5-6 feet only. 


=] 


oOo 2 oS © 


SS Oo. oS > 


is 


4-5 ft. 


00 


0.19 


See ke 


jo) 


.26 
. 36 


34 


sid 
- 20 
LG 
eed 


Oe 


0.60 


SO eS 


29 
aoe 
42 
238 


Pee 


26 


«29 


Concentration in Irrigation Water During Season (meq/L) 


1G) Acie. 


0.20 


Yaa” ee 


° aa = 


a C 5 ia ¥,! 
Je nolistinesnos abiaobilg Fe 
: : edie 

r ae | [eteneg aaky tims 


vot daup tsiow «voli pera digob! a (ste 
-Inomqolawsh 2402 te <e sould gat obte i. 


— oe i. 
= “Te 
Ole aL3 ie Th 


(.i\pom) noess2 sirtrud sedewW deksegtril- nb. nok 


A ae 


oo.f @t.t SS 


— 


ae 


7 a ay ee 9a en ee —_ — 


32 a 3} 2a 42.6 ~“<s? ac 32 @<4 ot ae ate 


— -_— ee 


a i. } JZ a 
Li ot wt 0¢.0 é$.0 Es 


om 
™ 
ot 
— 
y* 
= 
rm 
~* 
* 
© 
—_ 
- 


2D 
0 Rh .O 
«0 


0.0 ) 4 Tt Aj 0 Ce 6 
.( } Al i). 0) > 0 ar.i 
c REA > ef. T£.0 

rn r 


; wa 
: } 10 ) H#\.0 
: 2 
i : ¥ Vv arr i 
“~ ¢ 
{ if Q c sf ‘ } 
0 f r t 
; = : cy ‘ 
P . 
: ; ‘ : £6 .8 
—— A I me 
. hee 


wine ret Gato 


q 


‘8 4 
ad 
—_ » A) 


-50- 


Table 14. Effective leaching fractions and chloride concentration factors in 
irrigated soils having a layer of maximum chloride ion accumulation, 
calculated on the basis of chloride concentration in the soil 


solution at field capacity. 


Depth of Layer Leaching Fractions at Chloride Concentration 
with 2 Chloride lon Conecen= Factor in Subsoil 
Maximum (Cl ) trations in Irriga- (C17) 
Site Ton Accumulation tion Water (meq/L) i SS eee 
(feet) ee (Ch) wk 
1.09 1816 1.00 Hracweerestua 

Je 2 1-2 O. 02 0.02 0.01 ii 

ae 3 Z~3 0.03 0.03 0.03 —— 

Ja 2 3-4 O.2) Ovi? 0.10 Deed 

Ja 3 2-3 O.1t Okz 0.10 LoL? 

ee = 0.04 0.04 0.04 14.33 

2 6 =4 0.03 0.03 0.03 2999 

Ja] i 0.06 0.07 0.06 Ze f 

Ja 8 2-3 0, OF 0.07 0.06 Ault 

Reel 2~-3 0.08 0.08 0.07 a, ae 

Ree2 1-2 0.06 0.06 W.05 Le ae 

Re «3 4-5 0.04 0.04 0.03 4.04 

Rg 5 5=6 0.04 0.04 0.03 2 po 

Ca 2 3-4 05 0.05 ©..05 —— 

Ce 1 4-5 Cee aon e ls 0.04 1.89 

Cg 3 3-4 0.04 0.05 0.04 2s '9O 

Mean == O405 0.05 0.05 ToGo 


* = Layer of maximum chloride ion concentration in the profile. 


** = Substratum with lowest chloride ion concentration below a depth of 6 feet. 
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V. Evaluation of Irrigation Practices by Chloride, Conductivity and SAR Analyses. 


The soil analytical results were used to evaluate irrigation practices. 
This evaluation formed a basis for providing water quality evaluations and 
recommendations. The soil extract data was first transformed from me/100 g to 
me/1l and cross-checked for accuracy and consistency. 

‘Chloride analyses and electrical conductivity of soil extracts and of the 
irrigation water were used to evaluate the depth to which water was applied 
and to calculate the average leaching fraction that was applied. In order to 
do this, soil saturation percentages were calculated to be on a field capacity 
basis. The soil solution is diluted with distilled water when making pastes and, 
as a general rule, the soil solution is about twice the concentration and EC of 
the saturated extract. Since field capacity data was not available for the 
Montana soils, a regression equationt for estimating field capacity from 
Saturated paste percentages for a group of soils similar to those in the study 
was used for this purpose. A conversion factor (f) was obtained by dividing 
Saturated paste percent (SPP) by field capacity percent (FCP). From this, Cl, 
EC, and other ions were converted to a field capacity basis, The SAR of the 
Saturated extract (SAR. .) was converted to a field capacity basis by multiplying 
fs by each SAR. 4: This was termed as SARA (for drainage water, dw). The 
(apparent) leaching fraction was calculated two ways: 1) as LF = €1,_/Clie> 
where Cl. = Cl of irrigation water and Cl, = Cl of the extract converted to 


C 


field capacity and, 2) LF = BC, /EC, For fields irrigated once a year (Randall 


and Cook) the average Cl content of te Powder at Moorehead for May (1.16 me/1) 
was used as Cl. and average EC for May (1565 umhos/cm) was used. For fields 
irrigated 2-3 times per year (Jurica), the average of May, July and September 
was used (1.00 me/1 Cl and 1850 ywmhos/cm). 

The ion concentrations of the irrigation water for May and the average of 
May, July and September were fed into a computer program developed by Rai and 
Franklin (1973) and updated and improved by Franklin (1978) along with (part) 
of the calculated LF and pH of individual soil samples. The program is used to 
predict equilibrium soil solutions from irrigation water analyses. This predicts 
lime dissolution or precipitation, gypsum and nesquehonite (MgCO., - 3,0) 
precipitation, EC, SAR, and ion, ion-pair and total concentrations for a 


particular LF. 
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The calculated LF, CF, SAR A and Predicted SAR ag from the computer program 
are shown in Table 12. The LF is shown as the leaching percentage (LP), i.e., 
LF x 100. 

Leaching theory and practical application assumes an equilibrium state. 
The further the deviation from equilibrium, the greater the uncertainty becomes 
and the greater the care must be made in the interpretation. Chloride analyses, 


EC and SAR determinations along with predicted SAR w were all necessary in the 


d 
interpretation of this group of soils. The soil analyses clearly indicated 


soil salinity and sodium problems on part of the soils. High salinity and 
sodium conditions usually provide a warning of a possible non-equilibrium state. 
This is not true in all cases, however. The best indications of an equilibrium 
are when the LP and LP give the same minimum value along with the same 


C1 EC 


maximum for CFay and CF oe and when SAR Ag closely coincides with Predicted SAR 


all at the same depth. Then this is the most reliable indication of LF and 


dw’ 


depth to which the drainage water is passing. 
The CPac (Table 12) usually was smaller than CFuy in the surface layers 


probably because of precipitation of lime and/or gypsum. In most cases CFic and 


CFay tended to agree better with increasing depth. The Cl values were erratic 


in some cases and were not always reliable. In some cases LPEc and CPac give a 


better indication of leaching fraction and depth of water penetration, The 
good agreement between LPoy and LP ac? Le and CFoc 


SAR ay of the Rg 4 profile, as an example, give several indications of reliability. 


First, it illustrates the equilibrium state. The LPo4 and LP ic are two 


independently developed criteria, based on water quality factors which may vary 


and SAR with Predicted 
dw 


considerably. Finally, all things considered, it appears that the average water 
quality values for Powder River water, some of which were based on estimates 
from regression equations developed for thisstudy, are realistic and reliable. 
The low Predicted SAR A in the 0-1 foot depth probably is related to using (low) 
pH values reported in the analyses, in part. 

Soil analyses showed paste pH's ranging from. 7.3 to 8.0 in the 0-1 foot 
depth. The equilibrium pH in a lime (Caco) system exposed to atmospheric 
carbon dioxide concentrations at 25°C is 8.3. Thus, the use of pH values lower 
than 8.3 in calcareous soil underpredicts lime precipitation and results in a 


lower predicted SAR. The equilibrium pH value can run lower than 8.3 in soils 


containing gypsum, however. 
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The minimum leaching percentage for both LP and LP ae? maximum 


Ca 
concentration factor, (CFay and CF)» and maximum SAR a are underlined in 
Table 12 for illustrative purposes. The minimum LP and LP agree 


Cl EC 
surprisingly well in most cases, often less than 1 percent difference between 


the two (independently developed) measures. Most often, minimum LP values occur 
at the same depth, and the minimum occurs more than a 1 foot depth apart 
infrequently. Some profiles appear to have more than one minimum LP, separated 
by a definite trend for higher LP between two minimum values. 

in the root zone depths (0-5 


Agreement between calculated LP and LP, 


Cl 6 


feet) is not as good. Precipitation of lime and gypsum overestimates LP Thus, 


EC” 
it was concluded that, in general, Cl analyses were the best basis of judging 
fractions of applied water passing through the root zone but, because of some 
irratic behavior, Cl analyses were not entirely reliable. Cross-checking 
between SAR a4 and Predicted SAR a9 provided a basis for deciding whether or not 
Cl values were reliable. 

Profiles showing a LP of about 5 percent within the crop root zone, 
considered as less than 4 feet, are Rg 1, Rg 2, Rg 2*, Re 3, Jg 2, Ja 5. 
Profiles showing a LP between 6-10 feet are Ca 2, Ja 3, Ja 6, Ja 8, and Ja 4. 

A LP of about 15 percent is indicated for Ja 7. With the exception of Ja 4, 
the low LP appears to be directly related to the high sodium content of the 
subsoil (solonetzic soil). In most cases, both salt and Cl concentrations 
decrease with depth. These areas were, no doubt, solonetzic before irrigation 
began and sodium has never been reduced in the lower depths because of the low 
amount of water penetrating into the soil. Comsequently, these areas have never 
developed the equilibrium state of a normal soil. In fact, it appears from the 
soil analysis data that not enough water is penetrating into the root zone to 
meet evapotranspiration demands of the crops. The Ja 4 and possibly the Cg 2 
profiles appear to be the only sample areas accumulating salt and exchangeable 
sodium as a result of consistent under-irrigation (these could be high spots in 
the field). 

The rest of the areas sampled have adequate, if not excessive, amounts of 
water penetrating into the soil to maintain a salt balance in the root zone. 

VI. Evaluation of Irrigation by Water Balance Calculations. 
Infiltration rates were determined at 6 sites by means of 12 inch diameter 


steel infiltrameters. The results in Table 14a show that the infiltration at the 
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Table 14a. Infiltration rates measured at various sites on the Randall 


property between May 20 and July 1, 1977 (data collected by YTAPO). 


Site Type of Profile Infiltration Rate 
(inches/hour) 


Ra 2 I 0.82 
Ra 4 I 2.60 
Rg 2 iE 1.00 
Rg 3 Il 1. OF 
Rg 6 t 1.90 
Rg 8 I 1,67 
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Table 15. Water balance for valley soils along the Powder River under current 


management conditions. 


Consumptive Effective To 
Period Crop Use Rainfall Irrigation Deficit Soil Remaining 
(inches) (inches) (inches) Storage Deficit 
April 1 Grass 4.50 oe OL -- 1.69 -2.22 -- 
to May 15 Alfalfa Din kd 2.81 -- Zt» 26 -2.22 _— 
May 16 Grass Sou2 Sy 4 6.45 a St = 
to June 30 Alfalfa O22 S92 6.45 -- 40.55 -- 
July Grass ae da v0 6.45 5.63 -- 6 Pe «Be 
en Alfaifa’ 11.88 1.70 e465 e 73 Sota 0.52 
August 31 Mitsita’ 13.69 P70 6.45 5.04 = oe2) 3 
September 1 Grass 523 2.419 6.45 -- +3250 — 
to Alfalfa* 5.89 2.18 6.45 a 42.94 os 
October 31 Alfalfa’ 5.08 2.18 6.45 = 43.55 = 


NO 


Lor 2 cuttings. 


23 cuttings. 


surface was satisfactory at all sites. Rg 2 and 3 represent Type 2 profiles with 
an average infiltration rate of 1.34 inches per hour. The four others are Type l 
profiles and average 1.75 inches per hour. If the small difference between the 
two types may be assumed to be insignificant, the general mean of the infiltration 
rates is 1.61 inches per hour. This would amount to an average water intake of 
6.45 inches during four hours of flooding. 

Reference to the calculated actual evapotranspiration values in Table 6 and 
assuming the dates of first irrigation to be on May 15, second irrigation on 
July 1 and third irrigation on September 1, it appears that pastures utilize 
2.20 + 5.82 = 8.02 inches of water between first and second irrigation and 13.78 
inches between second and third irrigation. Water use by established alfalfa 
stands between first and second irrigation is 9.22 inches, 11.88 inches between 
second and third irrigation assuming a second cutting during August, and 13.69 


inches without a second cutting. 
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Both, alfalfa which requires 5.17 inches between April 1 and May 15, and 
grass requiring 4.50 inches of water can survive without stress during early 
spring up to mid-May on stored winter precipitation of 1.69 inches supplemented 
by 3.51 inches of rainfall received between April 1 and May 15. 

The moisture holding capacity of the soil varies from one site to another. 
The mean calculated value for available moisture of the surface 12 inches of all 
irrigated Randall profiles is 13.86 percent by weight. Those for the next 4 feet 
are 14.61, 13.44, 13.29, and 12.43, respectively. The first foot of soil will 
then hold 2.33 inches of available water when assuming a bulk density of 1.40. 
Similar calculations for the next four 1-foot layers to a depth of 5 feet result 
in a maximum of 11.36 inches of available stored moisture in the profile at any 
time during the season. This would be valid for alfalfa. The effective rooting 
zone (where about 90 percent moisture extraction occurs) of grass pasture may not 
extend below a depth of 3 feet. The maximum available moisture stored in 3 feet 
of soil at Randall's is 7.04 inches. 

Rainfall taken at 80 percent efficiency of the amounts shown in Table 2 
would add 3.32 inches to the available moisture between the first and second 
irrigation and 1.70 inches between the second and third irrigation. Even light 
rains will temporarily help to relieve moisture stress on plants but rapid 
evaporative loss prevents full effectiveness in terms of addition to soil 
moisture storage. It follows that alfalfa stands would not suffer from 
drought stress between first and second irrigation provided their roots are 
developed to a depth of 5 feet (9.77 inches supply, 9.22 inches demand). The 
one-half inch of surplus water would permit a five percent leaching fraction. 

Grass pastures with an effective moisture extraction root zone presumably 
not extending beyond a depth of 3 feet would not be capable of retrieving all the 
water applied by irrigation and rainfall (9.77 inches) between the first and 
second irrigation because the total available water holding capacity is 7.04 
inches. With favorable distribution of the rainfall to replenish soil moisture 
as it is removed, the grass will recover its needs of 8.02 inches leaving 
approximately 1.75 inches of water for leaching out of the root zone. This 
would constitute a leaching fraction of 18 percent at a depth of 3 feet. 

During the period between the second and third irrigation, the total 
amount of rainfall and irrigation water would be 6.45 + 1.70 = 8.15 inches, 
whereas the water consumption would amount to 13.78 inches for grass pastures, 
11.88 for old alfalfa which is cut two or three times and 13.69 inches for 


alfalfa during the same period when held for seed production after the first 
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cutting. Here water shortages from 3.73 to 5.63 inches could occur (Table 15). 
Additional soil moisture from storage in the soil could reduce the deficit for 
alfalfa to 0.52 to 2.42 inches. Grass roots would not have excess to further 
stored moisture supply. Several uncertainties enter into the picture here. 
The soil profile may not have been fully recharged before the start of the 
growing season. Moisture reserves exceeding maximum storage capacity are 
possible also when timely rainfall replaces soil moisture already used by the 
plant. This could provide another 1 inch of water to the crop. Alfalfa used 
for seed production after the first cutting would still show a 1 inch water 
deficit. The consumptive use of alfalfa from which two or three cuttings had 
been taken, would be sufficiently suppressed to have no water shortage. It 
should be remembered that all stored water in -the soil profile will have been 
removed at this time. 

Another complication is caused by soil heterogeneity. Type 2 salinity 
profiles do not have normal storage and withdrawal in subsoil layers. Pastures 
and crops will suffer more severely in such areas than indicated by the previous 
discussion. This may explain the droughty look and patchy appearance of the 
fields. On the other hand, Type 1 profiles situated among Type 2 soils may be 
centers attracting the additional water which cannot penetrate into Type 2 
subsoils. This drainage water percolates readily through Type 1 subsoils into 
the deeper substrata. The chloride profiles of some Type 1 soils, therefore, 
indicate surprisingly high leaching fractions. 

After September 1, there is still a certain amount of consumptive use: 

5.13 inches for grassland, 5.89 inches for alfalfa from which one or two cuttings 
had been taken, and 5.08 inches for alfalfa which is cut once more late in the 
season (Table 13). An additional irrigation during late August or early 
September would eliminate all water deficits from then on because the maximum 
anticipated consumption is only 5.89 inches. Irrigation (6.45 inches) and 
effective rainfall (2,18 inches) would provide this amount and leave a surplus 
for leaching in grassland (1.59 inches) below a depth of 3 feet. No water 

would drain from the alfalfa rooting zone but an appreciable amount of available 
moisture would remain (2.74 to 3.55 inches) which would contribute to leaching 
during the next spring. 

Without a third irrigation which is the more common in the area, the 
moisture deficit of the summer months continues through the fall. This analysis 


is based on the assumption that 6.45 inches of water are applied evenly over the 
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fields at each irrigation. The leaching fractions indicated by the interpretation 
are low compared with those derived from interpretation of chloride analysis. 
The occurrence of high and low spots in the field could explain this because 
high spots would absorb relatively little water. Management questions arising 
from this discussion include the possibility of a third irrigation. It appears 
that profitable ranching as well as good management on lands with pronounced 
salt problems would be served by a third irrigation at the end of summer. Other 
obvious improvements in irrigation would result from precision leveling for 
removal of high spots and depressions, subdivision of fields into narrow borders 
which would facilitate directing water to the upper or lower end of individual 
borders as deemed necessary. Furthermore, this would improve control of the 
water to apply equal amounts of water to various sections of large fields. 
Finally, narrow borders would assist in parceling off areas dominated by Type 2 
soils and forcing extra water down where it is needed most. 
VII. Maximum Water Salinity Limits for Crops. 

It, at first, might appear that using a better quality water (lower 
salinity and SAR water) than the Powder River water being used for irrigation 
of the slowly-permeable solonetzic soils (Type 2 bulge soils) might help to 
alleviate the salinity and sodium problems. Almost the opposite is true. 
Lowering the salinity of the water would aggravate the problem. Lowering the 
SAR while lowering the salinity would help only minimally. The decrease in 
permeability as the salinity content of water decreases is called the 
"permeability hazard". The severity of the permeability hazard increases as the 


clay content, amount of montmorillonite clay, SAR e and exchangeable sodium 


percentage (ESP) of the soil or subsoil Ss The permeability hazard of 
water generally is not serious until the conductivity of the water falls below 
500 umhos/cm (Ayers and Westcot, 1976). However, in the case of highly sodic 
solonetzic soil this can occur at above 500 umhos/cm. Therefore, it is not 
recommended that a water with a lower salt content than is used presently be 
applied for the purpose of improving crop yields on the Type 2 solonetzic (bulge) 
soil. It is important to use a water with as high a Ca (and Mg) content as 
possible in order to reduce (replace) the exchangeable Na in the solonetzic 
soils. Also, a very high volume of water of high Ca water should be passed 
through the profiles to replace and leach the Na from the root zone, 

The most reliable data published for interpreting water quality for a 


zero decrease in crop yield is found in Ayers (1975) and Ayers and Westcot (1976). 
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These publications incorporate zero decrease values developed by Maas and 
Hoffman (1976) who made an exhaustive literature search on the subject and work 
of other U.S. Salinity Laboratory personnel. The zero yield decrease value, in 
terms of EC of soil water, for crops in the Powder River alfalfa and grass 
(orchard-brome and Western wheatgrass) are: brome grass-and-orchard grass, 3.4 
mmhos/cm; alfalfa, 4 mmhos/cm; and Western wheatgrass, 10.6 mmhos/cm. These 
are given for the “average effective root zone" of the crop. For the purpose 
of this study, the effective root zone of grasses is considered to be 0-3 feet 
and of alfalfa is 0-5 feet. Average monthly water qualities for the Powder 

and crop limits for zero yield decrease are summarized in Table 16. 

For these generally montmorillonitic clay type soils, the SAR of the soil 
water should probably never exceed 15. The average SAR of the Powder River 
water was found to be 2.9, 3.3, and 3.0 for May, July and September, respectively. 
The slight decrease of SAR in September over July appears to be related to the 
higher proportion of Clear Creek water in the Powder during September. The 
average chloride content shows a similar decrease in September,’ (0.68 me/1) 
compared to July (1.22 me/1), due to the greater proportion of Clear Creek water. 


An increase in the SAR to 15 over SAR, would amount to about a five-fold 
C 


lw 
increase, if no lime or gypsum precipitation took place. This would be 
equivalent to a concentration of irrigation water about 20-25 fold due to 
evapotranspiration (<5 percent minimum LP). The "normal" irrigated soils 
(non-solonetzic) show an average of a two-fold increase in concentration (CF) 
over the irrigation water in the 0-1 foot depth, based on Cl concentrations. 
For the 0-3 foot depth the average CF is 2.32 indicating about a 43 percent 
average LP. An average CF of 2.74 in the 0-5 foot depth indicates a LP of 
about 36 percent on the average. Using the 0-3 foot average CF for the 


grasses and the 0-5 foot average for alfalfa, the following EC. values were 


Baund (EC. /CF): 
“% EC 


__iw 
Orchard-brome 1465 umhos/cm 
Western wheatgrass 4570 yumhos/cm 
(MILE eR) 1460 wmhos/cm 


It would appear that three irrigations with the present quality water used 
for the Jurica orchard-brome grass field (1850 umho/cm average) exceeded the 
zero yield decrease criteria by a large margin if the CF alone was considered 


(1.850 x 2.32 = 4.29 mmhos/cm). Lime (and gypsum) precipitate in soils 
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Table 16. Average monthly Powder River water qualities and crop limits for 


zero yield decrease. 


l. Average Powder River Quality (developed from USGS Quality Data). 


EC - ymhos/cm SAR 
May 1565 Dui (1 irrigation) 
July 1885 gd 
Average © E225 Dx de (Average of 2 equal irrigations) 
September 2095. 3.0 
Average 1850 died, (Average of 3 equal irrigations) 


2. Limits for Zero Yield Decrease due to Salinity - umhos/cm 
3 4 


Crop Berivade EC eit water EC srrigation water ae River irrigation water 
Orchard- 1 1 

Brome 1700 3400 1465 1835 

ALealta 2000+ 4000! 1460 : 1800 
Western 

wheat- 9 9 

grass 5300 10600 4570 5800 

l¥rom: Ayers, R. S. 1975. Interpretation of Quality of Water for Irrigation. 


FAO, Rome. Irrigation and Drainage Paper No. 16. 
2Prom: Bernstein, L. 1964. Salt Tolerance of Plants. USDA Ag. Inf. Bull. 283. 


3Calculated by: EC, 
iw 


EC. /CF, where: EC oa = Conductivity of soil water for 

zero yield decrease; CF = concentration factor = c1_/Ccl,., or (alternately) ‘eaching 
fraction, as determined from Cl analyses; CF = 2.32 for 0-3 root zone of grass, 

CF = 2.74 for O-5 root zone for alfalfa (average values for "leached" profiles). 

| one i TOGae water? EC. corrected for decrease in conductivity by precipitation 
of salt as lime (CaCO) and/or gypsum (CaSO, *2H,0). 
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irrigated with Powder River water in May, July, and September. However, feeding 
the water quality analyses into the computer “program at a LP of 43 (CF=2.32), 
results in a predicted conductivity of 3.6 mmhos/cm and a SAR. ef rb a. 


Precipitation of Ca and HCO, as lime lowers the conductivity sufficiently to 


just slightly sexceed the ool yield decrease values (3.6 vs. 3.4 mmhos/cm). The 
yield decrease produced by 0.2 mmho/cm excess would be negligible--probably less 
than 1 percent and hardly measurable. Three irrigations with waters averaging 
1835 umhos/cm would be necessary to meet the zero yield decrease criteria. One 
irrigation with 1565 umho/cm water and two irrigations (average 1725 umho/ecm) 
easily meet the zero yield decrease criteria when adhering to the calculated 
leaching fraction and CF. It is highly probable that orchard-brome yields are 
being decreased to a considerable extent on the solonetzic soils. 

It appears that the conductivity of the water used to irrigate the Western 
wheatgrass on Randall and Cook fields (1 irrigation) could be increased 
considerably. Assuming that HCO , would not increase above 3.5 me/1l, (the present 
July and September water is saturated with respect to lime and this assumption 
is probably basically correct) and the other ions stayed in cha same proportion, 
the ion concentration of the May irrigation water (17.7 me/1) could be increased 
about five times to a conductivity of 5800 umho/cm with an SAR of 6.0. After 
further concentration of the water through evapotranspiration by a factor of 
2.32 times (43 percent LP), the average 0-3 foot root zone conductivity would be 
10.6 mmhos/cm. Alternatively, the leaching percentage could be reduced to about 
7.5 percent. 

Alfalfa irrigated one time with May quality water (1565 umhos/cm) at a LP 
of 36 percent (concentrated 2.74 times by evapotranspiration) would have an 


equilibrium average root zone conductivity, after CaCO, precipitation, equal to 


3.6 mmhos/cm. The May quality water would produce a fas water conductivity 
less than the zero yield decrease threshold value. 

Alfalfa irrigated three times with present average water quality (1850 
umhos/cm) would have a computed root zone soil water averaging 4.2 mmhos/cm. The 
season average quality (May, July, and September) would have to be reduced to 
1800 wmhos/cm to meet zero yield decrease criteria. The effect of rainfall was 
not taken into account in establishting zero yield decrease limits. Rainfall 


tends to dilute the soil solution (soil water) and would tend to cancel small 


differences found in the above limits (4.2 vs. 4.0 mmhos/cm). 
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In greenhouse studies of effect of irrigation water quality on alfalfa 
yields Bernstein and Francois (1973) reported about a 10 percent yield decrease 
in alfalfa yield from a predominately chloride-anion water with a conductivity 
of 2000 umhos/cm as compared with 1000 wmhos/cm. Robinson, et al. (1976) 
reported a slight yield reduction in alfalfa sprinkler irrigated with a 
2000 umho/em predominately SO, 5 Colorado River water (1450 ppm) compared with 
1450 umho/cem (877 ppm) water in a 3-year study in the Imperial Valley of 
California. Statistical analysis failed to show statistically significant 
differences in yields between the two water qualities most of the time. 

VIII. Calculation of Maximum Increase in Soil Salinity with High-Salinity 
Water Application. 

The question of how much change can result from one irrigation or several 
irrigations in one year with unusually high, above average salinity waters was 
posed in the contractual arrangement. The change in soil EC when irrigation 
with a water of a given or an assumed EC can be calculated with the following 
equation: AEC = average increase in EC, if soil EC is lower initially, over 
the given soil depths. 

Dey ps EC SeegOO 
sw D x d. x FC 
Where: Di = depth of irrigation water; dD. = depth of soil; EC. = conductivity 
of irrigation water; qd. = bulk density of soil; and FC = field capacity moisture 
(4); sw = soil water. 

Example 1: For a 3-foot depth of soil (root zone for grass) at wilting 
point, FC = 26.6, d. = 1.4 g/cc, maximum water retention would be about 6.7 inches 
of water (about the average amount calculated elsewhere in another section). 
Assuming waters of 3000 and 4000 umhos/em were applied (much higher than Powder 
water in May and July, and only rarely this high in September): 

Maximum AEC. = 1500 umhos; AEC. =~ 0.75 mmhos/cm for 3000 umho/em 
irrigation water. 
Max imum AEC os = 2000 umhos; AEC. ~ 1.0 mmhos/cm. 

Example 2: For a 5-foot depth of soil (root zone for alfalfa) and other 

factors remain the same: 
(3000 umho): AEC 
(4000 umho): AEC 


il 


900 umhos/cm; AEC - 0.45 mmhos/cm. 


i 


1200 umhos/cm; AEC ~ 0.60 mmhos/cm. 
sw se 
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Example 3: For a 5-foot depth of soil (root zone for alfalfa), assuming 
the soil was at wilting point, FC = 26.07%, the soil would retain 10.55 inches 
of H,0 (probably more than is ever applied along the Powder for 1 irrigation 
according to the information given us). 

(3000 umho water): AEC 1500 umhos; AEC. * 0.75 mmhos/cm (Max.). 


sw 
(4000 wumho water): AEC 2000 umhos/cm; AEC. ~ 1.0 mmho/cm (Max.). 


Sw 
When the soil is at wilting (about one-half of FC), adding just enough water 


It 


HI 


to bring it to FC would cause an (increase) equal to one-half of the EC of the 
water applied. This indicates an average mixture of the two (soil water and 
irrigation water). These are fairly extreme cxamples--rarely does the complete 
root zone get to wilting point; some capillary water usually will flow into 

the root zone. Even if the soil water reached a maximum for a zero yield decrease 
before irrigation, one irrigation would not be enough to cause a 10 percent 
yield decrease of alfalfa, orchard-brome grass, or Western wheatgrass. Two 
irrigations under the same assumed conditions with 4000 umho water might cause 

a 10 percent yield reduction for orchard-brome, and three irrigations might 
exceed a 10 percent decrease. If would probably take three or more irrigations 
to reach a 10 percent yield decrease for alfalfa under usual irrigation 
conditions on the Powder. Salt accumulates fairly slowly in fine-textured soils 
and it has probably taken 15-25 years to reach an "equilibrium" state on most 

of the irrigated soils in the region. 

The main point of the illustrations or examples shown above is that 
irrigating with high salinity waters occasionally is not going to seriously 
afiectyyieldsis) Vields can, be decreased 4 to \s.:times;more if water dsinot 
applied and serious water shortages develop. 

No doubt yields could be raised by irrigating forage crops three times a year. 


The economics of this would depend on the conditions and current prices. 


IX. Other, Wa ten, Qual ity, Constituents, to Consider in Evaluation of Powder River 
for Irrigation. 


Salinity appears to be the main water quality factor that could be 
potentially limiting in production of forages along the Powder. Suspended 
solids could be viewed potentially harmful to crop growth, mainly by siltation 
of seedlings, and possibly by filling ditches. On the other hand, the suspended 
solid load probably is very effective in keeping ditch seepage at a minimum in 
unlined ditches. 


The SAR is relatively low most of the time, less than 5. The relatively 


high salt content acts to reduce any potential "permeability hazard" even under 
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low leaching conditions. Precipitation of lime and gypsum, even though they 
occur, do not seem to indicate a problem on "well-leached profiles". 

the trace*element™concentrations of B, Cu, Pb; °Zn, Al, Séevand Hg, from 
U.S. Geological Survey Analyses, all are singularly low according to recommended 
guidelines (Ayers and Westcot, 1976; and others). Thus, no foreseeable hazard 
from trace elements can be seen unless a dramatic change in quality takes place. 

The waters should have a relatively low hazard for sprinkler irrigation. 
Foliar absorption of Cl and Na by sensitive crops and a decrease in quality of 
produce due to precipitation of salt on plant material are a few quality- 
associated hazards in sprinkler applied irrigation. The relatively low Cl and 
Na contents of the water represent a low-hazard status of this water for the 
crops now grown. Salt deposition would not be a crop quality decrement for the 
present crops. The main foreseeable problems associated with possible use of 
sprinklers are: 1) maintaining a sufficiently high leaching fraction and 2) 
cleaning sediment from sprinkler pipe. 

A criterion not often considered is hazard associated with a nutrient 
imbalance, such as an unfavorable Ca/Mg balance, where an excess of Mg produces 
a Ca-deficiency in a crop. This does not appear to be a hazard with Powder 
River water unless an extremely low leaching fraction were to be used. This 
is a potential hazard in the Tongue River water. 

X. Summary. 

A trip to Broadus, Montana was made to inspect the Powder River (and 
Tongue River) irrigated soil and cropping concitions. Analytical results of 
soil samples taken by Montana Soil Testing Laboratory at Great Falls were 
obtained. The analytical Paealies were cross-checked for consistency. Maps 
where samples were taken were furnished by YTAPO. General interpretations of 
the profiles were made from soil analysis and map unit. 

The soil samples were placed into two groups, one a well-leached group 
representing generally problem-free soils (Type 1) and a second group’ containing 
excessive salts (and Cl) in the root zone and exchangeable sodium increasing 
with depth (Type 2). The second group of soils were apparently sodic 
(solonetzic) before irrigation started and constitute problem soils since that 
time. This problem group did not seem to be associated predominately with 
either the Haverson or the Heldt soil series. 

Irrigation practices were evaluated by deduced leaching fractions, 


concentration effects, and sodium adsorption ratio of soil water (soil solution). 
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The Cl, EC and SAR of irrigated soils were converted to a field capacity basis. 
U.S. Geological Survey Powder River water analyses and flow relations were 
analyzed to determine a representative monthly water quality average for May, 
July and September for the period from 1950 to 1975. Leaching fractions and 
concentration factors were calculated from soil Cl and EC data. Representative 
water analyses data were entered into a computer program to test equilibrium 
(steady state) conditions for the leaching percentages, concentration factors, 
and SAR of drainage water calculated from the data. Minimum leaching percentages 
in the soil profile, calculated from Cl and from EC agreed surprisingly well. 


The predicted SAR of the well-leached profiles (normal soils) agreed very 


dw 


well with calculated SAR | but did not agree with the SAR 


sodic (solonetzic) soils. A good separation of the two groups was’ obtained 


of the non-equilibrium 
WwW 


in this way. 

Irrigation practices were also evaluated with a water balance approach. 
Weather data, i.e., temperature, rainfall, wind speed, and solar radiation, were 
collected. Evapotranspiration was calculated from the weather data. Infiltration 
rates determined by YTAPO personnel and information on general’ irrigation 
practices of farmers in the area, as described by YTAPO personnel, were used 
to simulate moisture supply from irrigation. One, two, or three 4-hour 
irrigations, with stored moisture, were balanced against evapotranspiration of 
grass and alfalfa. This approach indicated a higher irrigation efficiency than 
did the Cl and EC leaching fraction approach when infiltration rates determined 
on both Type 1 and 2 soils were used. The water balance approach did not show 
a large difference between Type 1 and Type 2 soils, but it gave a better picture 
of irrigation requirement for the crops in the areas. 

Values of maximum salinity that can be tolerated for continuous irrigation 
(zero yield decrease value) of one, two or three irrigations per season were 
calculated from published values and soil analytical results. Average monthly 
conductivity values were used with average concentration factors of shallow- 
rooted grass and deeper-rooted alfalfa to obtain these values. Correction was 
made for precipitation of lime and/or gypsum but not for the possible alleviating 
effect of rainfall. Irrigation water of alfalfa and orchard-brome grass pastures was 
below zero yield decrease limits if one or two irrigations (May and July) were 
applied. Irrigating three times with average quality water brought alfalfa and 


orchard-brome grass just slightly beyond the tolerance limit. The tolerance 
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limit of Western wheatgrass is extremely high so that the present quality 
waters are well below the zero yield decrease tolerance limit. 
Other recommendations concerning water quality factors, of a general 


mature, were given. 
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XII. Appendix. 


Table 1. Representative water analyses of Powder River at Morehead, Montana 


for May, July, and September. 


May July September 
me/1 
Ca 6.66 8.34 9.08 
Mg hi 4.58 5.82 
Na 6.65 8.38 8.4.42 
K OFnial 0.16 GO. 8 
HCO, Sig keh a4 Se) 
SO, 3625 16.62 20.08 
Gal 109 i 22. 0,68 
NO, 0.04 0.06 0,05 
EC x 70° 1565 umhos/cm 1885 umhos/cm 2095 tuhoeem 
SAR 2.86 oO) 3.00 


pH 7°83 7.6 Ta 
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